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The Role of the Reticulo-endothelial System in 
the Ripening of Reticulocytes. 

By 

ERIK JACOBSEN and CLAUS MUNK PLUM. 

Received 26 Jnli 1942. 


In a recent publication one of us (Plum, 1912) has shown that 
the ripening of reticulocytes into mature red blood corpuscles is 
provoked by a hitherto unknown principle. This reticulocyte ri- 
pening principle is found in plasma and in various tissues and 
organs such as the spleen, the liver, and bone marrow. The chem- 
ical nature of this principle is still unknown, but in liver ex- 
tracts we have found (1942) that it consists of at least two factors, 
one heatstable and one heatlabile, the former being identical with 
tjTosinc. 

When tyrosine is added to liver extract which contains some 
tyrosine the reticulocyte ripening activity is further increased. 
Thus the tyrosine content of the liver extract is not sufficient to 
engender a full activation of the ripening principle in liver ex- 
tracts. The ripening principle in plasma cannot • generally be 
further activated by tjurosine. As the tyrosine content of plasma 
is negligible the question arises as to whether the principles 
in plasma and in liver extracts are of a different chemical 
nature. 

In the present paper we describe experiments showing that the 
reticulocyte ripening principle in plasma is probably either 
chemically or physically bound to tyrosine, and that the fixation 
of the tyrosine in the ripening principle seems to be coimected 
with the function of the reticulo-endothelial system. 

1 — Acta plips, Scandinav. VoL 5. 
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Experimental: 

The chemical nature of the ripening principle in plasma. 

(Ripening constant and ripening index.) 

The testing of extracts for the reticulocyte ripening principle is 
described in detail elsewhere (Plum, 1942) and will only briefly be out- 
lined here. By repeated bleedings rabbits are brought into an anemic 
state which is accompanied by considerable reticulooytosis. 

The red blood corpuscles from such an animal are separated from the 
plasma by means of centrifugation and washed with saline. When sus- 
pended in saline and incubated at body temperature the reticulocytes 
ripen very slowly, but when suspended in plasma or saline to which 
liver extract has been added the ripening proceeds much faster. The 
disappearance of the reticulocytes follows the monomolecular equation; 

« = i ‘“S- (i-:^ 

where t is the incubation time in hours, a the initial number of reti- 
culocytes, (a — x) the number of reticulocytes fotmd after incubation 
in the time t, and C a constant which is independent of t, a, and (a — x) 
and it forms a measure for the velocity of the ripening process. 

When kg is the monomolecular constant of the ripening process in 
saline and kh the corresponding constant of some suspending medium 
containing the ripening substance, the ripening effect of the latter, k, is 
expressed by the equation 

k = kt — kg 

k here being defined as the ripening constant. 

When using blood corpuscles from the same rabbit k is within certain 
limits proportional to the concentration of ripening substances. 

Using reticulocytes from different rabbits, however, and the same 
concentration of ripening substance, k may vary considerably. It has 
therefore been necessary to introduce a standard in each experiment in 
order to get comparable results. This has led us to introduce the term 
ripening index which is defined thus: 

' ripening constant for the plasma examined 

ripening index ripening constant for ox plasma 

Ox plasma having the highest content of ripening substances is, for 
reasons given elsewhere (Plum 1942 b) fixed as having a ripening index 
of 1 . 00 . 

In most of the experiments we did not use ox plasma as the standard, 
but a 1 % dilution of a liver extract (Hepsol fortior) in saline solution 
which when compared with 11 different samples of ox plasma was found 
to have a ripening index of 0 . 97 . The unit thus deternained represented 
the average of 11 different samples of plasma. 
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Table 1. 


Plasma cannot fee fxirther activated by tyrosine. 


Reticulocytes incubated with 

Saline solution 

Saline solution with 0.1 “/oo tyrosine 

Rabbit plasma 

Rabbit plasma with 0.1 %o tyrosine 


Monomolecular 

Effect of 

constant = C 

tyrosine 

0.0108 

— 

0.0125 

0.0017 

0.0224 

— 

0.0240 

O.OOIG 


Table 2. 


The tyrosine content of plasma is not sufficient to activate the ripening 
effect of a certain liver extract: H. 


Reticulocytes incubated wth 


Monomolecular 
constant = C 


Effect of 
H and 
H + tyrosine 


2.0 Saline solution 0.0108 

1.9 Saline solution + 0.1 H 0.0203 

1.7 Saline solution 0-1 H 0.2 1 ®/oo tyrosine 0.0308 

l.G Rabbit plasma + 0.4 Saline solution . . . 0.0224 

l.G Rabbit plasma + 0-1 H + 0*3 Saline solu- 
tion 0.032G 

l.G Rabbit plasma + 0.1 H 0.2 1 ®/oo tyro- 
sine -f O.I Saline solution 0.0515 


0.0095 

0.0290 


0.0102 

0.0291 


Table 3. 


Effect of the treatment with acet-ne on the ability of the ripening 
substances in plasma to be activated by tyrosine. 


Incubated with 


Monomolecular 
constant = C 


Saline solution 0.0100 

. 1.8 Rabbit plasma -J- 0.2 Saline solution . . . 0.02G9 

1.8 Rabbit plasma -f 0.2 1 %|, tyrosine . . . 0.0277 

1.8 plasma treated with acetone as described 

in the text -f- 0.2 Saline solution .... 0.0205 

1.8 Plasma treated with acetone 0.2 1 ®/oo 

tyrosine 0.0289 


Effect of 
tyrosine 


O.OOOS 


0.0084 


Table 4. 


Testing the functioning of the reticulo-endothelial system. 


Time after intravenous injection 
of 5 c.c. 1 % Congo red = t 


(t-4) 


log. 


(a — x) 


= k 


4' 0.374 (a) — 

20' 0.292 (a — x) 0.00G7 

30' 0.240 (a — x) 0.0074 

60' 0.154 (a — x) 0.00G9 

k: average = 0.0070 
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Table 6. 


Ripening index before and after blocking the reticulo- endothelial system. 


Rabbit plasma without q m. P- P- “• 

tyrosme tyrosine tyrosme tyrosine 


Ripening index 
with 


before blocking the reticulo- 
endothelial system 0.74 

24 hours after blocking the re- 
ticulo-endothelial system . . 0.44 


In practice we determined the ripening index thus: 

Blood from an anemic rabbit was, taken in 1/4 vol. 3.8 % sodium 
citrate, the red blood cells were centrifuged off and washed with saline. 
The blood cells were then divided into portions which were suspended 
in (1) saline, (2) saline with 1 % liver extract (standard) and (3) the 
plasma to be examined. The portions were kept in a thermostat at 40° 
and their reticulocyte percentage was counted at the outset and after 
2, 4, and 6 hours incubation. By means of the formulas given above the 
ripening constants of the standard and the plasma were calculated and 
thus the ripening index found from the formula: 

. j ripening constant for plasma 

ripening index = -r- - — ; — ^ — i — — 0.97 

ripening constant for standard 

Table 1 shows that the ripening principle in plasma cannot be further 
activated by tyrosine. Table 2 shows that the tyrosine content of plasma 
is too small to activate a liver preparation “H” which is considerably 
activated by tyrosine, and it shows furthermore that the activating 
effect of tyrosine is the same whether the ripening substance from liver 
is diluted with saline solution or plasma. 

The ripening principle in plasma can, however, after rather mild 
chemical treatments be brought into a state in which it can be activated, 
e. g. treatment with acetone or absorption by floridin with elution 
changes the nature of the ripening substance in plasma in this respect. 
In table 3 an experiment with acetone treatment is given. 300 c.c. 
acetone was added to 100 c.c. rabbits plasma and then the precipitated 
protein centrifuged off. The acetone water phase was then evaporated 
under reduced pressure until the total volume was 25 c.c. Tyrosine has 
no effect on untreated plasma whereas it activates to a considerable 
degree the plasma precipitated by acetone. 

We concluded therefore that the ripening principle in blood is linked 
to tyrosine or some tyrosinebke substance. 


The ripening principle and the reticulo-endotlielial system. 

One of us (Plum) has shown that the spleen, the liver, and the - 
bone marrow are the most rich in ripening substances after the 
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plasma. As the tissues mentioned all form part of the reticulo- 
endothelial system it is natural to assume some connection be- 
tween the formation of the ripening principle and the reticulo- 
endothelial system. This assumption was confirmed in preliminarv 
experiments with rabbits where splenectomy or the intravenous 
application of Indian ink caused a considerable decrease in the 
ripening index. 

In the experiment here described, we blocked the reticulo- 
endothelial system in some rabbits, followed its functioning and 
compared it with the quantity of ripening substance in the plasma. 

The blocking of the reticido-endothelial system was performed by 
splenectomy combined with an intravenous injection of 10 c.c. 
of 1 % trypan blue. It avUI be seen that this procedure completely 
blocks the reticulo-endothelial system for one or two days and 
then its function is gradually resumed. 

The jumtioning of the reticuhr-endothelial system was tested by 
the Congo red method first introduced by Adler and Beiihanx 
(1925), with some modification on several points. The method as 
originally used by Adler and Reimann is given in every large 
textbook (e. g, in Ahderhaldetds Handbuch) and its description 
wll therefore be omitted here. It rests on the fact that intra- 
venously injected Congo red is absorbed by the reticulo-endothelial 
system and the greater the function of the latter the faster the 
Congo red disappears from the plasma. Most of the earlier in- 
vestigators using the method estimated the colour of the plasma 
in a very primitive way by means of the Sahh apparatus. More- 
over, the original method only used two colour estimations four, 
and thirty or sixty minutes after the injection, the ratio between 
the colours in the two plasma or serum samples were then applied 
as the measure of the functioning of the reticulo-endothelial sys- 
tem. In order to get a more accurate method we introduced some 
modifications. After several experiments we fixed om* method as 
follows: 

■ From one ear in a rabbit we took 0.2 c.c. of blood in a capillary 
pipette and transfered it to a centrifuge tube containing 2.00 c.c. 
of a 3.8 % solution of sodium citrate. Then 5 c.c. of 1 % Congo 
red in saline solution was injected into a vein in the other ear. 4, 
20, 30, and 60 minutes after the injection blood samples of 0.2 c.c. 
were taken and similiarly put into centrifuge tubes with 2.00 c.c. 
of sodium citrate solution. All the bloodsamples were then centri- 
fuged at 3 — 4,000 revolutions p. m. for at least half an hour. If the 
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samples are centrifuged in less than 30 minutes the solutions will 
be opaque and cannot be read in the photometer. 

After centrifugation the clear solutions were read off with the 
Pulfrich photometer (filter S 50) against the blood sample taken 
before the injection of Congo red. Generally' the 2.5 mm. cuvettes 
were the most suitable. 

The disappearance of the colour followed the monomolecular 
equation, the constant expressing the velocity of the disappearance 
of the Congo red in the blood and thus the functioning of the reti- 
culoendothelial system. . . 

Table 4 gives a typical determination. The monomolecular 
constant is calculated according to the formula: 

where a is the extinction foxmd in the blood sample four minutes 
after the injection, (a — x) the extinction in the sample after the 
time t, counted in minutes. Intense functioning of the reticulo- 
endothelial system gives high constants whereas weak functioning 
gives low constants. In ten normal rabbits tested in this way we 
found the constants between 0.0054 and 0.0070 averaging 0.0065. 


The functioning of the reticulo-endothelial system and the 
quantity of reticulocyte ripening substance in plasma. 

Our principal experiment was carried out on ten rabbits in the 
following way: 

On each rabbit the ripening index of the plasma with and with- 
out the addition of tyrosine was determined once a week. Imme- 
diately afterwards the animal was tested with Congo red in the, 
way described. 

At various times after the first test the animals had their reti- 
culo-endothelial system blocked as described according to the 
following scheme: Rabbits 182 and 183, blocked the day after the 
first examination and re-examined on the 6th, 13th and 20th days 
after splenectomy and treatment with trypan blue. Rabbits 184 
and 185 blocked the 3rd day, reexamination on the 4th, 11th and 
18th days after splenectomy. Rabbits 187 and 188 blocked the 5th 
day, re-examination on the 2nd, 9th and 16th days after splen- 
ectomy, Rabbit 187 died before the experiment was finished. 

To these were added two further animals of which No. 189 was 
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tested the day after the blocking and died shortly afterwards. No. 
190 had its ripening index tested on the first and second days after 
the operation and trypan blue treatment. Nos. 177 and 178 served 
as controls and remained untreated to ensure that the weekly 
testing with Congo red did not have any influence on the quantity 



Fig' 1. Ripening index and function of the reticulo-endothelial system before and 
after the blocking of the latter. 

X Functioning of the reticulo-endotheh'al system measured through the mono- 
molecular constant of the disappearance of intravenously administered Congo 
red 

-r do of untreated controls 
O Ripening index without tyrosine 
□ do do for untreated controls 

• do with tyrosine 

■ do do for untreated controls 

of the ripening substances in the plasma. A couple of days after 
the trypan blue injection the plasma was intensely blue; this 
colour did not, however, interfere with either the reticulocyte ri- 
pening experiments or the Congo red tests. The filter used in the 
Pulfrich-photometer, S 50, did not absorb light passed through 
a trypan blue solution. The hemoglobin percentage of all the ani- 
mals was followed, the red and white blood corpuscles and the 
reticulocytes were counted. The results of the experiments are put 
together in figures 1, 2, 3 and 4. 
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It will be seen that the blocldng of the reticulo-endothehal sys- 
tem was effective. Actually the Congo red does not disappear from 
the blood. In a few days the functioning of the reticulo-endothehal 
system begins to increase and reaches its former value 16 to 18 
days after the blocldng. The ripening index too, reacts to blocking 
showing a considerable decrease, lowest on the second day, after 
which it increases, following closely the increase in the Congo red 
constants. 



Fig. 2. Number of reticulocytes after bloeking of the reticulo-endothelial system. 

O untreated controls. 

Discussion. 

One would expect the fall in the ripening index to be accom- 
panied by an increase in reticulocytes. As a matter of fact this 
has been observed in a few animals during the first four days after 
blocldng (fig. 2) but other animals show no alteration in this re- 
spect. As the number of the reticulocytes was not checked from 
day to day, all the animals may have shoivn this increase in reti- 
culocytes which was not found in every case. Eemarkable too is 
the strikingly low number of reticulocytes in some of the animals 
towards the end of the experiment. Fig. 3 shows slight anemia in- 
duced by the blocking and the leucocytes answer the blocking 
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Fig. 3. Hemoglobin and red blood cells after blocking of the reticulo-endotbelial 

system. 

O hemoglobin + hemoglobin 

• red blood cells x red blood cells of untreated controls 



Fig. 4. White blood cells after blocking of the retioulo-endothelial system 

O Untreated controls. 
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With a transitory decrease in number (Fig. 4). The effects of the 
blocking of the reticulo-endothelial system on the hemopoiesis 
must, however, be rather complicated but as it is beyond the scope 
of the present paper to analyse this subject, further discussion will 
be omitted here in spite of its interest. 

Very important is the effect of tyrosine. Unlike the case with 
normal plasma, tyrosine is able to activate the plasma with re- 
duced ripening effectivity after blocldng. Table 5 shows that 0.05 
p. m. tyrosine is sufficient to give maximal activation. Not less 



Fig. 5. Kipening index in rabbit plasma after injection of liver extract. 

A A = ■without addition of tyrosine 

O O = ■"dth addition of tyrosine. 

remarkable is the fact that after adding tyrosine the very same 
ripening index is found as in normal plasma that cannot be ac- 
tivated. 

This fact can only be interpreted to mean that the ripening 
substance in plasma after the blocking of the reticulo-endothelial 
system is deprived of something which tyrosine can substitute. 
Now, as demonstrated above, even chemical processes are suffi- 
cient to transform the ripening principle in plasma into a state 
capable of being activated by tyrosine. At present it may there- 
fore almost certainly be assumed that the reticulocyte ripening 
principle in blood consists of two factors. An unknown factor must 
be linked to tyrosine or a substance closely related to tyrosine in 
order to form the ripening principle. The linkage between the un- 



THE HOLE OF THE RETICULO-ENDOTHELIAL SYSTEM. 


11 


known factor and tyrosine can take place in vitro but this requires 
a concentration of tyrosine much higher than normally found in 
plasma. In vivo where the concentration of tyrosine is low the 
fixation of tyrosine to the unknown factor can only take place in 
cooperation with the reticulo-endothelial system. If the latter is 
blocked the linkage cannot occur and the tyrosine content of the 
plasma is too small to form the ripening principle. The rmknown 
factor is formed elsewhere in the organism and its amount in 
plasma is not influenced by the reticulo-endothelial system. 

That the organism has the power to transform a substance from 
a state in which it can be activated by tyrosine into a state in 
which it cannot be so activated, is clearly shown in an experiment 
made by Claus Munk Plum and Ruth Plum. After an initial 
determination of the ripening index in plasma, a rabbit was given 
an intramuscular injection of 5 c.c. Hepsol fortior, a commercial 
liver extract containing a considerable amount of ripening sub- 
stances able to be activated by tyrosine. At intervals after the 
injection the ripening index in plasma was determined without 
and with the addition of tyrosine. As seen in fig. 5 the ripening 
index in plasma increases. During the first hours after the injec- 
tion the plasma can be activated to a rather considerable degree, 
but later on when the ripening index has reached its maximum, 
tyrosine has no further effect. 


Summary. 

We briefly describe a method of estimating the amount of reti- 
culocyte ripening principle, present in liver extracts and in plasma. 

Unlike liver extracts the reticulocyte ripening principle in 
plasma cannot be further activated by tyrosine. The treatment of 
plasma with acetone for example transforms the ripening principle 
into a state in which it can be activated. 

By means of splenectomy and the intravenous injection of trypan 
blue we blocked the reticulo-endothelial system in rabbits. 

The effect of the blocking was controlled by a modification of 
the Congo red method, the colour of the plasma being measured iu 
the Pulfrich photometer. 

After blocking the reticulo-endothelial system the amount of 
the ripening principle in plasma first decreases considerably and 
then increases slowly, following closely the recovery of the reticulo- 
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endothelial system. The diminished quantity of ripening substance 
can be activated by tyrosine and this obtaining the same effect 
as before the blocking of the reticulo-endothehal system. These 
findings make it seem probable that tyrosine and an unknown 
substance are linked together in the reticulo-endothelial system 
and thus form the reticulocyte ripening principle found in plasma. 
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At the discovery of the blood clotting inhibiting substance 
hepaxin, Hoivell found that heparin itself is without any influence 
on the clotting of fibrinogen by thrombin when purified solutions 
are used (Howell and Holt (1918), Howell (1925)). The estab- 
lishment of this property requires the presence of some unknown 
components from plasma. Heparin thus is only an “antithrombin” 
in connection with these substances. The nature of the said com- 
ponents is still unknowm, but according to Quick (1938) it is the 
normal antithrombin w'hich by addition of heparin is increased 
in potency. The problem is discussed by Wohlisch (1940). 

Through our investigations on the relation between heparin and 
antithrombin we have come to a different conclusion, however, as 
we find that the normal antithrombin present in plasma cannot 
be activated further by heparin. The activation is therefore due to 
some other component present in plasma (Astrup and Darling 
(1941 b)). 

In order to distinguish between the normal antithrombin and 
the antithrombin formed from heparin, we have chosen the term 
“ihrombin inhibitor’^ for the last-mentioned substance and retained 
the name antithrombin for the normal antithrombic properties of 
plasma and serum, as they are well known from older investigations 
and thus have a priority. The component from plasma w'hich 
must be present for the formation of thrombin inhibitor is called 
thrombin coinhibitor. 

The problem then arises to find out the nature of the coin- 
hibitor and its relation to heparin. A further question is the pro- 
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perties of the thrombin inhibitor formed and its relation to the 
normal antithrombin. Experiments concerning these problems are 
presented in this paper. 


Experimental. 

Throughout this work oxalated ox plasma was used and the results 
cannot be directly compared with results obtained with other plasmas, 
as there seem to be great differences between theproperties of thrombin 
coinhibitor from plasmas of various species. 

Thrombin was prepared as before (Astrup and Darling (1940. 
1941 a)), but most of it was obtained from "Lovens kemiske Fabrik”, 
Copenhagen. The heparin, also obtained from "Lovens kemiske Fabrik”, 
showed the activity k = 4 — 5 (cf. Astrup and Behrnts Jensen 
(1938 a, b), Astrup (1938)). Fibrinogen was prepared according to 
Astrup and Darling (1942 a). As a rule it contained only negligible 
amounts of coinhibitor; if the content was found to be too large, it was 
discarded. The measurements of antithrombic power were carried out 
in principle as described in a preceding paper (Astrup and Darling 
(1942 b)). 


1. Thrombin Coinhibitor in Serum and Plasma. 

Hoivell (1925), working with cat and dog blood, and Quick 
(1938), working with rabbit blood, both found that the addition 
of heparin to serum obtained from these species gives rise to the 
formation of a powerful antithrombic substance. 

According to our experiments, however, this does not apply to 
ox serum. The serum was prepared from oxalated ox plasma by 
one of the foUovdng three methods: 1) Recalcification of the 
plasma. 2) Removal of fibrinogen by addition of a minor amount 
of thrombin. 3) Denaturation of fibrinogen by heating to 56° in 
a water bath for 3 minutes. None of the sera prepared gave any 
increased content of antithrombic substances after addition of 
heparin. On the contrary, it was very often found that the anti- 
thrombin content was slightly decreased after the addition. For 
instance, a serum having originally 120 antithrombin units 
(A. T. U.) per ml showed a content of 100 A. T. U. per ml after 
addition of 1 mg of heparin per ml of serum. Even this amount 
of heparin was thus incapable of producing any antithrombic 
material in the serum used. Why the antithrombin content is 
slightly decreased is not known, but it is possibly due to a greater 
precipitability of the serum proteins in the presence of heparin 
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(Fischer 1935) "wliicK may influence the formation and precipita- 
tion of fibrin and thus the clotting time. 

The experiments cited shorr definitely that it is not the normal 
antithrombin present in plasma and serum which is increased in 
potency by the addition of heparin. 

As the antithrombic potency of oxalated -ox plasma measured 
by our usual method is increased by addition of heparin to over 
200 A. T. XJ. per ml, the fate of the thrombin coinhibitor dming 
the clotting process of such plasma is investigated. 

The difficulty here arises that it is necessary to omit the incubation 
for 15 minutes at 37°, which otherwise must be carried out to obtain 
full saturation of the normal antithrombin of plasma and serum (As- 
TRUP and Darling (1942 b)). Fortunately the thrombin inhibitor formed 
from heparin seems to react more readily with thrombin than the 
normal antithrombin itself does, so that by an immediate measurement 
irithout incubation a large fraction of the coinhibitor can be demon- 
strated. The determinations of course cannot be quantitative, but 
illustrates the progress of the reaction. The experiment is performed 
as follows: 

In a tube O .20 ml of plasma and 0.2 ml of a 1 per cent heparin solution 
are mixed, and then 1 ml of a thrombin solution is added containing 
40 T. U. per ml. A clot of fibrin is formed instantaneously and the 
thrombin content of the remaining solution is immediately measured 
by placing 0 . 10 ml in a clotting tube and adding l.o ml of fibrinogen 
solution. A control is made by diluting l.o ml thrombin solution with 
0.4 ml of physiological NaCl. 

Then a sample of plasma is clotted by addition of a trace of throm- 
bin, so that it clots in less than one minute. After standing for 2, 5 and 
10 minutes respectively O .20 ml of the serum formed is mixed with 
O .20 ml of the heparin solution, l.o ml thrombin solution is added and 
the mixture immediately tested for thrombin content. The results 
are shown in Table 1. 


Table 1. 


Time 

Min. 

1 

T. U. i A. T. U. 
found ' found 

I 

A. T. U. 
per ml 
plasma 

Coinhibitor 
per cent 
found 

0 

27 13 

65 

100 

2 

35 • 5 

25 

38 

- 



38 2 

10 

15 

10 

0 

0 

0 

0 


From Table 1 it is seen that already after 10 minutes the coin- 
liibitor present in the plasma is completely destroyed. The anti- 
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thiombin present in serum or plasma seems, not to take part in 
the inactivation when the measurements are carried out imme- 
diately without incubation. The destruction of the thrombin coin- 
hibitor proceeds during the first minutes after the coagulation 
and very rapidly. 

It is rather remarkable that the thrombin coinhibitor is such 
an unstable substance, and perhaps this fact explains some of 
the conflicting opinions of various authors. 


2. Fractionation of Plasma. 

It was then tried to divide plasma into fractions by means of 
ammonium sulphate in order to obtain some information about 
the nature of the coinhibitor. 

From ox Bordet-plasma the fractions A, B and C are prepared as 
described in the investigations on antithrombin (Asteup and Daeling 
(1912 b)). The antithrombin content of these fractions are determined 
as described in the paper mentioned. The solutions are then incubated 
with heparin whereupon the total content of antithrombic material 
is determined. The increase is taken as a measure for the content of 
thrombin inhibitor and, thus, for the content of thrombin coinhibitor 
in the fraction used. 

Of the different protein solutions l.o ml is incubated with l.o ml 
of a 0.1 per cent heparin solution for 10 minutes. Then 0.4 ml of the 
mixture is incubated with l.o ml of a thrombin solution for 15 minutes 
at 37° as usual. The thrombin content is measured as before and the 
content of antithrombin units per ml of protein solution determined. 
The results of such an experiment are shown, in Table 2. 


Table 2. 


Fraction 

Original 
A. T. 0. 
per ml 

Total 

A. T. U. 
per ml 

Increase 
A. T. U. 
per ml 

Original 
A. T. U. 
per mg N 

Increase 

A. T. U. 
per mg N 

I' 

1 

1 A 

23 

66 

43 

3.6 

6.5 

! B 

0 

48 

48 

O.O 

lO.o 

1 c 

65 

68 

3 

12.0 

O.G 


Fraction A is a globulin fraction while B and C are albumin fractions. 
Of these, C is the most soluble. As it is seen from Table 2, fraction C, 
in accordance with earlier investigations (Asteup and Daeling (1942 b)) 
showed the highest content of antithrombin, while fraction B is prac- 
tically inactive. On addition of heparin the potency of ,C is practically 
unchanged, while fraction B now contains a powerful antithrombic 
substance. 









ANTITHROJIBIN AND HEPARIN. 


17 


The experiments thus confirm the preceding results. The normal 
antithrombin is not further activated by heparin, but the increased 
potency is due to the transformation of a substance which in itself 
is not an antithrombin. "While the normal antithrombin belongs 
to the more soluble albumins, the new thrombin coinhibitor belongs 
to the lesser soluble albumins. Also the globulin fraction A can 
be activated by heparin which possibly is due to components from 
fraction B carried down "with the precipitation of the globulin. 
The fractions arc made from Bordet-plasma, which shows that 
treatment vith tricalcium phosphate does not destroy the. coin- 
hibitor. 


8. The Dissociation of Tlirombin Inhibitor. 

As already mentioned the fibrinogen often contains a trace 
of coinhibitor which is possibly due to its property as a less soluble 
albumin, as this furthers coprecipitation with the fibrinogen just 
as with the globulin fraction A. For the measurements such fibri- 
nogen preparations must be discarded, but they may be used for 
investigating the properties of the coinhibitor. In the following 
experiment the influence of increasing amounts of heparin on the 
clotting of such a fibrinogen is investigated. 

To a scries of tubes containing 3.0 ml of a fibrinogen solution an 
amount ranging from O.os to 3.oo ml of a O.i per cent heparin solution 
is added; then the tubes are filled up wth ph}^iological NaCl to a vo- 
lume of 6.0 ml. After incubation for 5 minutes at room temperature 
1.0 ml of every sample is clotted by adding it to O.io ml of a thrombin 
solution in a clotting tube as usual. From the clotting time of the sample 
compared with the clotting time of a corresponding control solution of 
fibrinogen without heparin content, the amount of thrombin units 
active in the clotting process is found. From this the amount neutralized 
by the resulting thrombin inhibitor is calculated. The thrombin solution 
employed contained 20 T. U. per ml, so that when O.io ml is used, the 
clotting is carried out mth 2.o T. U. for every ml of fibrinogen mixture. 
The amount of thrombin units bound is shown in Fig. 1 as ordinate 
against the araoimt of heparin contained in one ml of the mixture as 
abscissa. 

From Fig. 1 it is seen that the curve shows close resemblance to 
a curve for a dissociable compound in which the dissociation is 
forced in one direction by the addition of one of the components. 
Complete saturation of the coinhibitor is obtained only wdth addi- 
tion of a large excess of heparin. In reaching this point there is in 

2 — 52-5075. Ada phys. Scandinav. Vol. 5. 
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1 ml of the mixture formed an amount of thrombin inhibitor 
which can inactivate 0.85 units of thrombin. 

Tlie thrombin inhibitor 
therefore seems to be a dis- 
sociable compound, while 
in the case of the normal 
antithrombin no evidence 
was found of this. Especi- 
ally as normal antithrom- 
bin is not increased in po- 
tency on addition of hepa- 
rin, it cannot be identical 
with the thrombin inhibi- 
tor formed from heparin. 
Otherwise the addition of 



rn^ o'f hepartn pet- mi. 

Fig. 1. Units of thrombin (T. U.) inactivated 
by a fibrinogen solution containing increasing 
amounts of heparin. 


heparin to the dissociated 
thrombin inhibitor would 
cause an increase in po- 
tency. 


In a series of tubes 0.50 ml of solution B is placed. Increasing amounts 
of heparin are added, and then physiological NaCl to the total volume 
of 1.0 ml. The amounts of heparin range from O.i to 5 mg per sample, 
that is from 0.2 to 10 mg 
per ml of solution B. The 
mixtures are left standing 
for 15 minutes at room 
temperature. Then l.o ml 
of a thrombin solution con- 2o 
taining 41 T. U. per ml is 
added to every sample. After 
incubation for 15 minutes at 
37° the thrombin contained 
in the mixture is determined 
as usual. The thrombin con- 
tent found is subtracted 
from the original value, oi^/?epprin />er of B. 

thus giving the amount of 

thrombin inactivated in Fig. 2. Units of thrombin inactivated by a 
every sample. From this solution of thrombin coinhibitor containing 
^ K ‘ r , 1 , T. • increasing amounts of heparin, 

the amount of thrombm, ® , , 

inactivated per ml of solu- 
tion B, is calculated by multiplying by two. The result is presented 
graphically in Fig. 2. The amount of heparin added per ml of solu- 
tion B is abscissa, and the corresponding number of thrombin tmits 
inactivated is ordinate. 
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The curve is quite similar to Fig. 1 and shows also evidence of 
a dissociation. Saturation degree is obtained only with a large 
excess of heparin, and a maximum of 32.8 T. U. is then inactiva- 
ted per ml of solution B. 

There seems to be no doubt about the thrombin inhibitor bein" 
a dissociable compound resulting from combination of heparin 
and coinhibitor. The relations, however, are not quite simple, as 
we are dealing not ndth a single process but vdth two consecutive 
reactions. The first reaction concerns the formation of the thrombin 
inhibitor from heparin and coinhibitor. In the second reaction the 
thrombin inhibitor formed reacts with the thrombin added and 
inactivates some of it. Obviously it is impossible to investigate 
the first reaction alone, as only the amount of thrombin removed 
by the second reaction is a measure for the thrombin inhibitor 
formed. 

It is conceivable, however, that both these reactions imply disso- 
ciations, and that the inactive compound of thrombin and its inhibitor 
is dissociable. 

If the inactive compound of thrombin and thrombin inhibitor was 
undissociated, the reaction on the addition of an excess of thrombin 
would proceed until all the thrombin inhibitor was used. Consequently 
the formation of thrombin inhibitor from heparin and coinhibitor 
would be forced in one direction until one of the two components was 
exhausted. The amount of thrombin inhibitor formed under these cir- 
cumstances, t. c. in the presence of an excess of thrombin would thus 
be proportional to the amount of either heparin or coinhibitor. This, 
however, is not the case, as shown by the curves. 

If, on the other hand, the inactive thrombin compound formed was 
dis.sociable and the thrombin inhibitor itself was undissociable, then 
the formation of the thrombin inhibitor would proceed until either he- 
parin or coinhibitor was used up, regardless of the presence or absence 
of thrombin. The reaction between thrombin inhibitor and thrombin 
would therefore be independent of the presence of a larger or smaller 
excess of heparin. It is not possible a priori from the curves to see, if the 
heparin is in excess as such or in combined form as inhibitor, as in both 
cases the results will indicate a dissociation due to the dissociated com- 
pound between thrombin and its inhibitor. The curves, however, .sho^v 
that in order to force the reaction to saturation it is necessary to use 
an amount of heparin, which otherwise would have resulted in the 
formation of many times the amount of antithrombic material now 
formed. It seems likely therefore, that both the substances formed are 
dissociable compounds (see also the studies on heat inactivation 
below). 
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Both the reactions therefore seem to be dissociation processes, 
and they can be described by the following equations Ai and A^: 

Ai'. Heparin + thrombin coinhibitor 7 ~:t. thrombin inhibitor. 

A^: Thrombin inhibitor + thrombin :?=± inactive thrombin 
compound. 

As the reaction between thrombin and the normal antithrombin 
in plasma and serum shows no sign of being a reciprocal reaction 
under the conditions investigated, the process can be described 
by the following equation B: 

B: Antithrombin + thrombin — >- metathrombin. 

In this equation the term metathrombin is used as the most 
common designation for the combination between antithrombin 
and thrombin, but it must be remembered that the nature and 
properties of metathrombin have not yet been fully elucidated. 

Thrombin can be destroyed in plasma by two independent 
reactions. 


4. Investigations on Heat Inactivation. 

In order to obtain a fuller knowledge of the nature of anti- 
thrombin, thrombin inhibitor and thrombin coinhibitor, the in- 
activation of these substances by heating was studied. 

As antithrombin a fraction C from ox-plasma, prepared as de- 
scribed above, was used. It contained only negligible amounts of 
thrombin coinhibitor. Samples are put into tubes which are then 
placed in a water bath at various temperatures. At fixed intervals 
a sample is removed and placed in ice-water whereupon the anti- 
thrombin content is determined after our usual method. At both 
100° and 75° the antithrombin is fully destroyed after only half 
a minute. At 65° the destruction is less rapid, and even slower at 
56°. At 40° antithrombin is quite stable. The results obtained 
with the remaining potency calculated in per cent of the original 
potency are shown in Fig. 3. 

As thrombin coinhibiloi' a corresponding fraction B containing 
no antithrombin is used. After treating the samples at different 
temperatures, 0.40 ml of a 1 per cent heparin solution is added 
to 0.60 ml of the solution. The mixture is then incubated with 1.0 
ml thrombin solution containing 41 T. U. per ml at 37° for 15 
minutes, and the thrombin content is determined as usual. From 



ANTITHROxMBDr AND HEPARIN. 


21 


the immher of thrombin, units removed the amount of antithrombic 
materiai'is calculated. The results are shown in Fig. 4. The potency 
is calculated in per cent of the original strength. 



Fig. 3. Inactivation of antithromtin Tiy heating. 



Fig. 4. Inactivation of thrombin coinhibitor by heating. 

As it is seen from Fig. 4 the thrombin coinhibitor is a very im- 
stable substance. It is very rapidly inactivated by heating, just 
as it is rapidly destroyed during the clotting process, as shown 
earlier in this paper. Already after 5 minutes at 56° it is fulh’’ 
destroyed, and even at 40° the inactivation proceeds with con 
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siderable velocity. This instability is quite in contrast to the 
greater resistance of the antithrombin. 

For studies on the inactivation of thrombin inhibitor, 4 volumes 
of a 1 per cent heparin solution are added to 6 volumes of a B- 
fraction (coinhibitor containing no antithrombin). Samples of 
this mixture are treated at different temperatures as before. To 
1.0 ml of every sample is then added 1.0 ml of a thrombin solution 
containing 41 T. U. per ml. The mixture is incubated as usual 
and the amount of antithrombic material determined. The results 
are shovm in the usual manner in Fig. 5. 



From Fig. 5 it is seen that heparin greatly increases the stabiUty 
of the coinhibitor, so that the resulting thrombin inhibitor is 
much more stable than its precursor. On comparison ivith the 
curves for antithrombin (Fig. 3) it is seen that the thrombin in- 
hibitor formed is almost as stable against heating as the normal 
antithrombin. Yet, there is a difference which is particularly 
pronmmeed at 40°. At this remperature the antitbrombin is quite 
stable, while the thrombin inhibitor sloAvly decreases in activity, 
though not so rapidly as the coinhibitor does. It is easy to explain 
this decreasing activity as due to dissociation of the thrombin 
inhibitor with a subsequent inactivation of the very instable free 
coinhibitor, by which process the dissociation is again furthered, 
resulting in the formation of a new lot of free coinhibitor, and so 
on. The experiments ivith inactivation by heating thus con^'irm 
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both tlie iion-ideutity of antithrombin and thrombin inhibitor 
and the dissociability of the last-mentioned substance. 


6. Antithrombin, and Heparin. 

As described in the first part of this work, we could not find 
any e\udence for the presence of a coinhibitor in serum prepared 
either by clotting or by heating. With the preparation of the 
antithrombin-Gontaining fraction C from plasma it is possible to 
investigate this further, as any trace of coinhibitor present can be 
destroyed vuthout interfering much \ntli the antithrombin by 
heating for a few minutes to 56°. 

To 2.5 ml of an unheated solution of fraction C containing 70 A. T. U. 
per ml is added 0.5 ml of a 1 per cent heparin solution. After standing 
for 15 minutes the content of antithrombic material is again measured. 
It is found to be 76 A. T, U. per ml of C; The increase is 6 A. T. U., 
corresponding to S.g per cent. 

A sample of C is now placed in a water-bath at 56° for 10 minutes. 
The content is then found (without heparin) to be 58 A. T. U. per ml 
i. e. 83 per cent of the original amount. 

To samples of the heated 0-solution are now added various amounts 
of heparin, ranging from 2 to 10 mg per cent of C-solution. In none of 
these samples was it possible to show any formation of thrombin inhi- 
bitor, as all the determinations were between 57 and 58 A, T. U. per ml. 

It is thus confirmed that the antithrombin cannot be activated 
by heparin and therefore can be neither the coinhibitor nor the 
thrombin inhibitor, which also must be increased in potency due 
to the dissociation. 


Discussion. 

As already mentioned, our results obtained so far are not quite 
concordant ^vith the results of earlier authors. We have con- 
firmed that the antithrombic action of heparin requires the pres- 
ence of an unknown component of plasma, but regarding the 
properties of this component there is no good agreement. By 
earlier methods it has not been possible to obtain a quantitative 
measurement of the antithrombic substance resulting from he- 
parin. In our investigations we have used the same principles as 
in our method for determination of the normal antithrombin 
(Astrup and Darling (1942 b)). Unfortunately this method gives 
not quite satisfactory results ■with the antithrombin resulting from 
heparin (thrombin inhibitor). The curves obtained are not always 
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straight lines. This is true especially for ox plasma while it appHes 
in a much lesser degree to rabbit and human plasma. Probably 
these difficulties arise from dissociation of the compound. Due to 
these circumstances, moreover, our method is not always quite 
quantitative; nevertheless, it yet seems to be the most satisfactory 
method used for the investigation of heparin antithrombin. 

The most definite difference between our results and earher 
experiences concerns the stability of the thrombin coinhibitol. 
While other investigators have foimd this substance present both 
in plasma and in serum, it was impossible for us to obtain evidence 
of its presence in serum, regardless of the method of preparation. 
We have found it to be a very thermolabile substance which is 
inactivated already after 5 minutes heating to, 56°, and we. have 
followed its disappearance during the clotting of plasma in the 
course of a few minutes. Earlier authors have found it to be much 
more stable. The nature of this discordance is not yet clear, but 
it may be that the stabihty of the coinhibitor varies in a high 
degree from species to species. Other investigators have most often 
worked with dog and cat plasma, but we have found about the 
same lability of the substance in rabbit and human plasma as in 
ox plasma. The question is being investigated further. 

In judging our results it must be taken into consideration that 
our method does not give quite quantitative results, especially 
when using ox plasma. It seems possible, however, from our semi- 
quantitative experimental results with certainly to make the 
following statements: 

1. Erom the solution resulting from half saturation of ox 
plasma with ammonium sulphate it is possible to precipitate a 
less soluble component B, which contains practically no anti- 
thrombic material. The more soluble component C acts as an 
antithrombin. 

2. By addition of heparin to component B is formed a power- 
full antithrombin, which is called thrombin inhibitor. B itself is 
called thrombin coinhibitor. Component C is activated only to a 
very slight extent by the addition of heparin. 

3. After heating B to 56° for 5 minutes it cannot afterwards 
be activated by addition of heparin. Component C loses only about 
10 — 20 per cent of its antithrombic activity by this treatment. At 
40° C is stable, while B slowly loses its ability to be activated by 
heparin. B, with heparin added is more stiable against heating 
than B alone, but not in the same degree as C alone. 
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4. The thrombin inhibitor formed from B by addition of hepa- 
rin seems to be a dissociable compound. This seems also to be the 
case ivith the inactive compound of thrombin and thrombin 
inhibitor (see equations Ai and As). 

5. The compound, called metathrombin, resulting from 
thrombin and the normal antithrombin, does not seem to dis- 
sociate to any measurable extent (see equation B). 

6. The compound B is only found in plasma, and is destroyed 
during the clotting. C is stable in serum, and found here in almost 
the same amount as in plasma. 

7. B activated by heparin, f. c. thrombin inhibitor, neutralises 
thrombin much more rapidly than does C, the normal anti- 
thrombin. 

From these results it seems clear that thrombin in plasma can 
be inactivated by two independent reactions, namely by a slow 
process due to the normal antithrombin, component C, and by a 
more rapid process due to the thrombin inhibitor formed from 
component B and heparin. 

As the normal antithrombin, C is not activated by heparin, 
and as B, while in itself inactive, is activated by heparin, it 
follows that the component which may be activated by heparin, 
is not identical with the normal antithrombin, as is assumed especi- 
ally by Quick (1938). This is further suggested by the fact that, 
while the content of antithrombin in plasma is about the same as 
in serum, only plasma is increased in antithrombic power by 
addition of heparin. 

That the normal antithrombin is not identical with the throm- 
bin inhibitor resulting from heparin follows from the different 
dissociability of these compounds, the difference in stabihty on 
heating, and from the different velocity of their reactions with 
thrombin. 

The views set forth here on the question of antithrombin and 
its relation to heparin have later been confirmed by Vodkert 
(1941 and unpublished experiments) in experiments concerning the 
physiology of antithrombin, and ivith employment of quite diffe- 
rent methods. 

There remains the question, why our experiments on the proper- 
ties of the thrombin coinhibitor are not in concordance with those 
of earher authors. As already mentioned it is not easy to give a 
satisfactory answer to this, and the problem has to await further 
investigations, which are now being made, before it can be settled. 
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Nor do the experiments of other authors as reported iu the litera- 
ture give any obvious explanation of this question. 

One of the possibilities is that the thrombin coinhibitor in plasma 
from different species may show different properties. According 
to Howell and Holt (1918) the antithrombin content of cat 
plasma, which has been heated to 51°, is increased by the addition 
of heparin, and the same applies to cat serum. It should be re- 
membered, however, that Howell’s method for determination 
of antithrombin is rather inaccurate fcf. Astrup and Darling 
(1942 b)). Howell and Holt further found that the thrombin 
coinhibitor is more stable than the normal antithromhin, which is 
not increased in potency by the addition of heparin. They come 
to the conclusion that the factor which acts in conjunction with 
heparin in forming an antithrombin is a new substance which 
they call 'jiro-aniithrombin. The investigations were extended in 
subsequent papers (HoWell (1925, 1926, 1928, 1935)). The sub- 
stance is partially precipitated by acidification or by half satura- 
tion with ammonium sulphate and is assumed to belong to the 
euglobulines. 

Since the original experiments of Howell the question of the 
mechanism of heparin in its action in the blood clotting process 
has been the subject of conflicting opinions. According to Howell 
(1. c.) heparin acts both directly as an antimothrombin and by 
forming from an unknown precursor, called by him pro-antithrom- 
bin and by us thrombin coinhibitor, a real antithrombin, by us called 
thrombin inhibitor. The question of its role as an antiprothrombin 
Avill not be discussed here, as, recent investigations show' that 
here also a precursor is necessary for the inhibition (Brinkhous, 
Smith, Warner and Seegers (1939), Astrup (1939)). Heparin 
obtained a prominent role in Howell’s theory of blood clotting 
(cf. Howell (1935)). This question, however, concerns the 
mechanism of the formation of thrombin in a blood sample 
undergoing coagulation and falls outside the scope of this paper, 
which only deals w-ith the formation of an antithrombic substance 
from heparin. 

It is only in recent years that the work of Howell on this 
problem has been taken up by other authors. J. Mellanby (1935) 
thus denies the existence of an additional substance and finds 
that heparin acts in itself as an antithrombin, but that sodium 
chloride is necessary for this action. He uses fibrinogen prepared 
by precipitating once with ammonium sulphate. Howell (1935) 
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disputes this finding, as he has shown that the substance in ques- 
tion is destroyed by heating; furthermore, he has used fibrinogen 
prepared by sodium chloride precipitation. Mellanby finds that 
the action of heparin as an antithrombin is neutralised by throm- 
bokinase, while the normal antithrombin is not influenced by 
this addition. Probably Mellanby has worked unth fibrinogen 
containing some thrombin coinhibitor. 

Schmitz and Kuhl (1935) assume with Mellanby that heparin 
acts as an antithrombin and that the results of Howell are due 
to inactivation of heparin in serum, as they find that serum 
inactivates heparin after incubation for some hours. Through 
this they will explain the instability observed by HoM\ELL. They 
fail, however, to explain why heparin cannot inhibit the clotting 
of purified fibrinogen. 

Quick (1936 a), in accordance Avith Mellanby, finds that hepa- 
rin is almost inactive in dialysed plasma and purified fibrinogen 
solution, and that the presence of sodium chloride and of Hom’bll’s 
co-factor is necessary for its action. In this way he brings Mellan: 
by’s results into agreement Avith Hoavell’s. It seems easier to 
remoA'e the coinhibitor by precipitation Avith sodium chloride 
than AA'ith ammonium sulphate. He does not find that thrombo- 
kinase neutralises the action of heparin on thrombin. The necessity 
of the presence of Hoaa'ell's co-factor for the formation of anti- 
thrombin Avas confirmed in later papers (Quick (1937, 1938)). 
Especially the investigations set forth in the last-mentioned 
paper arc of great importance, .since it is found that both the 
normal antithrombin and the thrombin coinhibitor belong to the 
albumin fraction of the blood proteins. In contrast to our in- 
vestigations he finds the co-factor present in plasma (rabbit) 
Avhich has been clotted by means of thrombin. It is destroyed at 
67'^, but he has not tried lo\A’er temperatures. He therefore assumes 
that heparin conA’'erts the normal antithrombin from a relatively 
Aveak thrombin-binding substance to a poAA^erful inhibitor, AA^hile 
AA’e. in accordance AAuth the original conception of Hoaa'ell, come 
to the conclusion that the normal antithrombin and the precursor 
for heparin-antithrombin are tAvo different substances. 

Ferguson (1937) AA^as first of the ojiinion that heparin acts 
directly as an antithrombin; later he confirms Quick’s findings 
of the actiA'ation of the serum albumin fraction of plasma by 
heparin (Ferguson (1939, 1940)). He finds that the inhibitory 
action of crude and crystallised serum albumin itself is only very 
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small and is not increased by incubation, which is not in accordance 
with the results of most other authors, including ourselves. Heparin 
increases the action of crude but not that of crystallised albumin. 

Jaqtjes and Mustard (1940) do not find the action of sodium 
chloride in accordance with that found by Mellanby. They find 
the coinhibitor in the albumin fraction, but not in crystallised 
albumin, and they are here in agreement with Ferguson. They 
use an unsatisfactory method for the determination of anti- 
thrombic action. 

ZiEP and Chargaef (1940 a, b) fractionate albumin, but their 
results does not seem to be in accordance With ours. 

As is pointed out by Smith, Warner and Brinkhous (1935) 
there must be distinguished between the amount of antithrombin 
present and the total amount which can be formed by addition 
of heparin. The total amount can not be increased by injection of 
peptone. These results have been confirmed recently by Volkert 
in unpublished experiments. India ink acts in the same manner 
(Warner, Brinkhous and Smith (1936)). The antithrombin 
present in peptone plasma was already in earlier times recognized 
as different from the normal antithrombin of plasma (Mora- 
iviTZ (1905)), and is now known to be due to the presence of hepa- 
rin, (Howell (1925), Quick (1935 b), Wilander (1938)). Also 
the anticoagulant found in anaphylactic shock seems to be due to 
heparin (Eagle, Johnston and Eavdin (1937), Waters, Marko- 
AVITZ and Jaques (1938)). 

Since the investigations of Fischer (1935) it is known that 
heparin combines with proteins on the acid side of their isoelectric 
points. As thrombin itself is a very acid substance vdth isoelectric 
point about pH 4.4 (Astrup and Darling (1941), Seegers (1940)), 
it seems reasonable that an additional component is necessary for 
a combination between thrombin and heparin. Probably it may 
be a basic protein. 

In this connections it is of interest that heparin also is an in- 
hibitor for other enzymic reactions, thus for fumarase (Fischer 
and Herrmann (1937)) and for trypsin IHorwitt (1940), Glazko 
and Ferguson (1940)). 

From all these investigations by various authors it is seen that 
only on few points are the findings in harmony, and in this respect 
our investigations make no exception. It remains for future in- 
vestigators to reconcile these different views. 
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Summary. 

1. The formation of an antithrombic substance from heparin 
is investigated. 

2. In. accordance with earlier authors the presence of a 
thermolabile substance in blood plasma is foiind to be necessary 
for the formation of an antithrombic substance from beparin. 
This substance is called ihron^bin coinJiibitoY. 

3. The thrombin coinhibitor is found to be a more labile sub- 
stance than hitherto assumed. It is destroyed after heating to 
56° for 5 minutes. It is only found in plasma, and is not present 
in serum, while it is destroyed during the clotting process. 

4. It is found that the thrombin coinhibitor is not identical 
with the normal antithrombin of plasma and serum, 

5. To distinguish between the normal antithrombin and the 
antithrombic substance formed from heparin the last mentioned 
substance is called thrombin inhibitor, as the two substances are 
not identical. 

6. Thrombin inhibitor is much more stable than the thrombin 
coinhibitor, and almost as stable as the normal antithrombin. 

7. While normal antithrombin seems to combine with throm- 
bin to form an undissociable compound, the compound -between 
thrombin inhibitor and thrombin, as well as the compound between 
heparin and thrombin coinhibitor, seems to be highly dissociable. 

8. Thrombin is inactivated much more rapidly by thrombin 
inhibitor than by antithrombin. 

9. The discrepancies between our results and those of earlier 
authors are discussed. 

This work was carried out with the aid of grants from "Danmarks 
tekniske Hojskoles Fond for teknisk Kemi” and from “Lovens kemiske 
Fabrik”, Copenhagen, 


References, 

Astrot, T,, Enzymol, 1938, 5, 12. 

— , Science, 1939, 90, 36. 

— , and S. Darling, J, Biol. Chem. 1940, 133, 761. 

— , and S. Darling, Acta Physiol. Scand. 1941 a, 2, 22. 

— , and S. Darling, Eatumissenschaften. 1941 b, 29, 300. 

— ^5 and S. Darling, Acta Physiol. Scand. 1942 a, 4, 45. 

— , and S. Darling, Ibidem. 1942 b, — , — . 

— , and H. Behrnts Jensen, J. Biol. Chem. 1938 a, 124, 309. 
— , and H, Behrnts Jensen, Skand. Arch. Physiol. 1938 b, 79, 290. 



30 TAQE ASTRUP AND SVEN DARLING. 

Brinkhous, K. M., H. P. SraiH, E. D. Warner and W. H. Seegers 
Amer. J. Physiol. 1939, 125, 683. 

Eagle, H., C. G. Johnston and I. S. Eavdin, Bull. Johns Hopkins 
Hosp. 1937, 60, 428. 

Ferguson, J. H., Proc. Soc. Exp. Biol., N. T. 1937, 37, 23. 

— , Ibidem. 1939, 42, 33. 

— , Amer. J. Physiol. 1940, 130, 769. 

Fischer, A., Biochem. 1935, 278, 133. 

— , and H. Herrmann, Enzymol. 1937, 3, 180. 

Glazko, a. j. and J. H. Ferguson, Proc. Soc. Exp. Biol., N. Y. 1940, 
45, 43. 

Horwitt, M. K., Science, 1940, 92, 89. 

Howell, W. H., Amer. Physiol. 1925, 71, 553. 

— , Ibidem. 1926, 77, 680: 

— , Bull. Johns Hopkins Hosp. 1928, 42, 199. 

— , Physiol. Eev. 1935, 15, 435. 

— , and E. Holt, Amer. J. Physiol. 1918, 47, 328. 

Jaques, L. B. and E. A. Mustard, Biochem. J. 1940, 34, 153; 
Mellanby, j., Proc. Eoy. Soc. Bond. Ser. B, 1935, 116, 1. 
Morawitz, P., Ergebn. Physiol. 1905, 4, 307. 

Quick, A. J.: Amer. J. Physiol. 1936 a, 115, 317. 

— , Ibidem. 1936 b, 116, 535. 

— , Proc. Soc. Exp. Biol. N. Y. 1937, 35, 391. 

— , Amer. J. Physiol. 1938, 123, 712. 

Schmitz, A. and L. KiIhl, Hoppe-Seyl. Z. 1935, 234, 212. 

Seegers, W. H., Biol. Chem. 1940, 136. 103. 

Smith, H. P., E. D. Warner and K. M. Brinkhous, Arch. Pathology 

1935, 20, 163. 

VoLKERT, M., Biochem. Z. 1941. 309, 337. 

Warner, E. D., K. M. Brinkhous and H. P. Smith, Amer. J. Physiol. 

1936, 114, 667. 

Water, E. T., J. Markowitz and L. B. Jaques, Science, 1938, 87, 582. 
Wilander, 0., Skand. Arch. Physiol. 1938, Suppl. No. 15, 53. 
WoHLiscH, E., Ergebn. Physiol. 1940, 43, 248. 

Ziff, M. and E. Chargaff, Proc. Soc. Exp. Biol., N. Y. 1940 a, 43, 740. 
— , and E. Chargaff, J. Biol. Chem. 1940 b, 136, 689. 



From the Laboratory of . the Theory of Gymnastics, Copenhagen. 


The Distribution of the Blood between 
the Lower Extremities and 
tlie Rest of the Body. 

By 

ERLING ASMUSSEN. 

(Received 3 September 1942.) 


Quantitative data on the distribution of blood between the 
periphery and the central vessels are scarce, although the signif- 
icance of the peripheral capacity for the regulation of the circul- 
ation has been much emphasized in earlier and recent works 
(c. f. Asmussejt, Christensen and Nielsen (1939), Silfver- 
SKIOLD (1938) a. o.). Silea^erskiold (1938) has given an extensive 
^e^’iew of the works on this problem up to 1938 and has con- 
tributed to our knowledge with a series of determinations on mice 
and guinea pigs. Very few determinations, however, have been 
made on human subjects and most of them are made by means 
of the plethysmograph on upper or lower extremities. (Grill 
(1933) a. o.) Such determinations give very valuable informations 
concerning changes which im'ght occur in the blood volume of the 
extremities, but do not give any hint of the total amount of blood 
in the limb. It is the purpose of this paper to present determinations 
of the amount of blood present in a well defined vascular area 
— i. e. the lower extremities of man — imder different physiolog- 
ical conditions. 

All determinations were made on two normal, male subjects, E. A. 
(34 years, 173 cm., 70 kg.) and B. J. (24 years, 172 cm., 60 kg.). Both 
have well developed musciilature, E. A. an average layer of subcutaneous 
fat whereas K. J. is very lean. The experiments were made in the mor- 
ning. The subjects rested for half an hour in the horizontal position 
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before tbe actual experiment but were not fasting. When the subject 
had been exposed to the conditions of the experiment for the appro- 
priate tme, cuffs, which had been previously placed proximally arround 
the subject’s thighs, were inflated to a pressure of 260 mm Hg by means 
of a cylinder containing compressed air. The volume of the blood 
in the part of the body proximally to the cuffs was now determined 
by the CO-method as previously described (Asmtjssen (1941)) after 
which the pressure in the cuffs was released. The subject continued 
breathing from the metabolism apparatus containing the CO, and after 
about 10 more minutes a second blood-sample was ^awn, from which 
the total blood volume was estimated. The difference between the last 
and the first blood volumes gives the volume of the blood in the legs 
under the experimental conations. 

The analyses of the CO-content of the blood were made on the Van 
Slyke apparatus according to Van Slyke and Neill (1924). 

As possible sources of error must be mentioned differences in the 
placing of the cuffs on the legs, and the possibility of developing stasis 
during the inflation of the cuffs. As the cuffs were always placed as 
proximally on the legs, as possibly, and as the inflating of the cuffs 
could be completed in a few seconds these errors must be negligible. 

As the determinations were made over a period of several months, 
rather considerable variations in the blood volumes occurred. In some 
instances a very large fall in the total blood volume (e. g. in R. J. 
from about 4.8 1 to 4.o 1, in E. A. from 5.7 1 to 4.8 1) was foimd to coin- 
cide with periods of ailment. Such results were discarded. The smaller 
day-to-day variations exceding the analytical accuracy of about 5 pOt 
could not be explained by known facts and presumably must be looked 
upon as normal physiological variations. 

The conditions investigated were: rest in the horizontal position, and 
in a head-up and a head-down position (called hereafter the -j- 60° 
and the — 60° position, respectively, as the angle between support 
and the horizontal was of that magnitude); free standing; work on the 
bicycle-ergometer; and recovery from work, sitting on the bicycle 
with the feet supported. 

Eor the experiments in the horizontaT position the subject rested 
horizontally for 30 — 45 minutes, after which the cuffs were inflated 
and the rebreathing of the CO-mixture wa8 started. The first blood 
sample was drawn after 10 — 15 minutes, upon which the pressure was 
released and 8 — ^12 minutes more elapsed before the second blood 
sample was drawn. 

The results are presented in table I. 

The table shows, that in the two subjects 12 — 15 pCt of the 
total blood volume are present in the legs during rest in the 
horizontal position. Day-to-day determinations show rather large 
differences, especially in E. J. where the percentage blood volume 
of the legs varies between 11 and 21 % of the total blood volume. 
This might have been due to differences in the sldn temperature 
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Table I. 





Lying horizontally 


Subject. 


Blood vol. 
I (cuffs in- 
flated) 
Kters 

Blood vol. 
H (total) 
liters 

n— I 

(blood vol. 
of legs) 
liters 

Blood vol. 
of legs in 
pCt of 
total 

E. A. 

mean ..... 

5.02 

5.73 

0.71 

12.4 

leg volume: 
16 liters 

range ..... 

4.80—5.25 

6.40—6.03 

0.00— 0.80 

11—14 


number of de- 
terminations . 

8 

8 

8 

8 

B. J, 

mean 

4.04 

4.77 

0.73 

15.3 

leg volume: 
11 liters 

range 

3.C7'~ l.lS 

4.03—4.97 

0.55—0.90 

11—21 


number of de- 
terminations . 

i 8 

8 

8 

8 


on the different days, but supplementary experiments in wMcb 
the skin temperature nras either lowered, by means of an electric 
fan blowing vigorously on the moistened legs of the subject, or 
increased, by means of warm blankets, showed no systematic 
differences. The differences are presumably due to the different 
activity of the subject previous to the experiments and indicate 
different states of vasodilatation in the muscles of his legs, persisting 
in spite of the resting period of at least half an hour. Although the 
absolute amount of blood in the legs is practically identical in 
E. A. and E. J., the relative amount is considerably larger in E. J., 
both in relation to the total blood volume and in relation to the 
total volume of the legs. This may be due to the well developed 
subcutaneous venous plexus o£E. J., whose veins always appeared 
well filled under the skin. 

The effects of tilting the subjects passively to head-up and head- 
down positions on the distribution of the blood have been de- 
monstrated and discussed in earlier papers (Asmussen, Chris- 
tensen and Nielsen (1940)). It was shown by means of the 
plethysmograph, that a rather large shift of blood could appear 
on tilting and its effects on the general circulation were investi- 
gated. The present determinations confirm the earlier ones and 
give further the absolute volumes of the blood in the legs. After 
a 30 minutes rest in the horizontal position on the tilting table 
the subject was tilted either to the -k 60° or to the 60 position. 
After 3 — 5 minutes in this position the main blood shift has taken 

0 — i 24075 . Acta pliifs . Scandinav. Vol . 5 . 
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place (according to the plethysmograms of earlier works), and the 
cuffs were inflated. The subject now moved to an ordinary bed 
on which the blood volume determinations were carried out as 
usual. The results are shown in table II. 


Table n. 


Subject 


-f 60“ 

O 

O 

CO 

1 

Blood vol. 
of legs 
liters 

Blood vol. 
of legs 
in % of 
total 
bl. vol. 

Blood vol. 
of legs 
liters 

Blood vol. 
of legs 
in % of ; 
total 

bl. vol. ; 

E. A. 

mean . • . . , 

1.27 

22 

0.71 

13 


range 

1.12—1.51 

19—26 

0.59— 0.80 

11—14 


nbr. of det. . . 

6 

6 

6 

5 

R. J. 

mean 

0.86 

19 

0.51 

11 


range 

0.82—0.90 

18—19 

0.40— 0.57 

9—12 


nbr. of det. . . 

3 

3 

3 

3 


Table II shows, that the two subjects react differently 
to the tiltings. Whereas E. A. whose cutaneous veins in the 
horizontal position appeared empty, shows a marked increase 
in the blood volume of the legs on the tilting to -j- 60°, 
R. J., whose veins seemed weU filled already in the horizontal 
position, exhibits a rather slight increase. On tilting to — 60° 
the opposite occurs. E. A. shows no changes in blood distribution 
compared to the horizontal, whereas R. J. shows a not inconsider- 
able decrease in blood volume of the legs. The fact that the blood 
volume of the legs in E. A. is unchanged after tilting to 60 
position, does not mean that nothing occurs in the vascular bed. 
The pale, almost yellow colour, which the skin of the legs exhibits 
during the period of anemia makes a strange contrast to the bluish- 
red colour of the legs when the cuffs are inflated in the horizontal 
position, and indicate, that the cutaneous venous plexus is nearly 
empty in the -—60° position. The unchanged capacity of the 
vascular bed of the legs then must mean, that other vessels dilate 
in the — 60° position, thus incidentally making up for the emp- 
tying of the cutaneous vessels. It seems natural to think of the 
arteries and capillaries in this connection as the lowered hydro- 
static component of the arterial blood pressure makes a compen- 
satory vasodilatation desirable for the adequate blood supply 
of the legs in the — 60° position. 
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The results indicate in agreement with earlier results (Asmussen, 
Christensen and Nielsen (1939)) that, at least in some persons, 
a not insignificant amount of blood can be transferred from the 
legs to the central vascular area by tilting the subject. The possible 
practical consequences of this have been pointed out elsewhere. 
(Asmussen, Christensen and Nielsen (1940)). 

In order to get an impression of which importance the “venous 
pump” has on the shift of the blood which occur on changing 
position, a serie.s of determinations were made, in which the 
subject, after the preliminary 30 minutes of resting in horizontal 
position, assumed a free standing position in which a natural 
“postural sway” was allowed. After 6 minutes of standing, the 
cuffs were inflated, and the blood volume determinations began. 
Table III shows the results. 


Table UI. 




Free standing j 

Subject 


Blood vol. 
of legs 
liters 

Blood vol. ' 
of legs 
% of total 
blood vol. 

E. A. 

mean 

1.00 

i 

17 


range 

0.9G— l.OG 

GO 

1 

O 


nbr. of dot. . . 

4 

4 

R. J. 

mean 

0.7S 

15 


range 

0.54— 0-8S 

12—19 


nbr. of det. . . 

4 

4 


The figures in table III indicate that the amount of blood 
present in the legs during free standing in both subjects is smaller 
than it was in the + 60° position. This can only be due to the 
pumping of the muscles during the postural sway and confirm 
the observations made by Asmussen, Christensen and Nielsen 
(1939) a. 0 . that even small muscular contractions in the legs 
greatly influence the return flow of blood from the lower extrem- 
ities. In R. J. the venous pump is able to keep the blood volume 
of the legs equal to what it was in the lying position, whereas 
it in E. A., although much smaller than in -j- 60° position, it 
still is well above the value in the horizontal position. 

The effect of work with the legs on their blood filling is demon- 
strated by the figures of table IV. Two rates of work have been 
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investigated, viz. 410 mkg/min. and 820 mkg/min. The work 
was performed rmtill a steady state was reached (10 — 15 min.) 
whereupon the cuffs were inflated during continued work. As 
soon as the pressure was on, the work was stopped, the subject 
placed on a bed, and the blood volumes determined. 

It has been shown in an earlier paper (Asmussen (1942)) that 
light work (360 mkg/min.) has no effect on the total blood volume 
as determined by the CO method. In the present experiments 
with somewhat heavier work the total blood volume also was 
foimd to lie within the range of the resting values, but it must 
be remembered, that the work was of rather short duration (10 
— 15 min.) and that the actual determinations were made after 
work. Heavy work of longer duration is no doubt accompanied 
by a concentration of the blood (loss of water). 


Table IV. 


Subject 


410 mkg/min. 

! 

820 mkg/min. j 

Blood vol. 
of legs 
liters 

Blood vol. 

of legs 
% of total 

Blood vol. 
of legs 
liters 

Blood vol. 

of legs 
% of total 

E. A. 

mean 

0.87 

17 

0.60 

n 


range 

0.70—1.15 

13—21 

0.53—0.71 

9—11 


nbr. of det. . . 

3 

3 

4 

4 

R. J. 

mean 

0.7i 

17 

0.83 

18 


range 

0.71—0.76 

15—18 

0.69— 0.96 

14—21 


nbr. of det. . . 

2 

2 

2 

2 


It is interesting to note, that although the work must cause a 
considerable vasodilatation in the working muscels — their meta- 
bolism is increased about 25, and 40 times respectively during 
the two rates of work (see Asmtjssen, Christensen and Nielsen, 
(1939)) — the amount of blood present in the legs is but slightly 
increased, in the heavy work in E. A. even decreased. This means 
presumably, that the doubtless increased arterial and capillary 
capacity is counterbalanced or even overruled by the concomitant 
emptying of the veins called forth by the vigorous muscular move- 
ments (compare the plethysmographic results of Grill (1933)). 
The great importance of the venous pump for the regulation of 
the circulation during the ’work is thus easily understood as a 
way by means of which the blood-shift from the peripheral 
veins to the central veins, heart and arteries is accomplished. 
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The veins of the muscles no doubt serve as a blood reservoir, 
which automatically is emptied when work is commenced. 

If the work is discontinued, the pumping action of the muscles 
ceases and the veins will be filled quickly to capacity. This in 
connection with the still enlarged capillary bed will demand a 
large volume of blood, thus endangering the general circulatory 
regtdation (comp. Mateeff (1935)). The amount of blood pooling 
in the legs immediately after work was determined on the two 
subjects, the cuffs being inflated 20 to 30 seconds after cessation 
of work. Tw'O rates of work w^ere tested and the results came out 
as shown in table V. 

Table Y. 


After 820 mkg/rain. j After 1,230 mlcg/min. 


.Subjects 


! Blood vol. 

of legs 
' liters 

1 

Blood vol. ! 

of legs ' 
% of total 

Blood Tol 
of legs 
liters 

Blood vol. 

of legs 
% of total 

E. A. 

1 

1 

j mean .... 

.' 1.47 

26 1 

1.34 

21 


I range . . . , 

. j 1,32—1.02 

25-27 

I.IG — 1.53 

22—26 


\ nbr. of dot. . 

. t 2 

2 1 

2 

2 

R. J. 

mean .... 

. { l.ss 

23 

1.19 

25 


j range .... 

. 1.02—1.10 

19— 20 

0.97— I.IG 

19—30 


i nbr. of dct. . 

.1 3 

3 

3 

3 


It w'ill be seen, that under these circumstances up to 26 pCt 
of the total blood volume can be accumulated in the legs distal 
to the cuffs. This means a “loss” of blood from the rest of the 
body of about 15 pCt of the total blood volume and comes close 
to the amount of blood that can be lost without causing troubles 
to the organism. In addition it may be mentioned, that the musc- 
les that could be cut off from the circulation in these experiments, 
only represent about 40 pet, of the working muscles, so that the 
actual displacement of blood must be assumed to be still larger. 


Siimniar3% 

The amount of blood present in the legs under different condi- 
tions of w'ork and rest is determined by means of the CO-method 
on two subjects. During rest in the horizontal position it w'as 
12 and 15 pCt of the total blood volume. On tilting the subjects 
60° to a liead-uj) position it increased to 22 and 19 pCt, and on 
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/ 

/ 

/ 

3 ^ 

tilting the subjects 60° to a head-down position it was 13 and 
11 pCt, respectively. In free standing it was 17 and 15 pCt of 
the total blood volume. During work (410 and 820 mkg/min.) 
it was but slightly changed (17 and 11 pCt in one subject, 17 
and 18 the other subject) whereas after work it was markedly 
increased in both subjects (to 26 pCt and 25 pCt). 
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Among tlie very numerous investigations dealing with the 
gastric secretion only relatively few have had for their object 
a comprehensive account of the composition of the gastric juice. 
Approximately complete analyses of the inorganic constituents 
are thus quite rare, and the first important contributions of this 
kind (ScHOUMOWA-SiMAXOWSKY (1891), Rosemann (1907)) are 
still frequently cited in the literature. 

The treatment of the subject is actually even less exhaustive 
than one would imagine from the small number of papers published. 
This is especially due to the circumstance that the gastric juice 
cannot be conceived as a physiological product of a definite 
composition, like for example milk; on the contrary, it presents 
significant differences under different conditions. To all appearan- 
ces the gastric juice is a mixture of the secretion of several 
dissimilar glandular elements, and its variable character must un- 
doubtedly be regarded — at least partly — as a consequence of 
independent changes of the activities of the individual cell types. 
Perhaps it is even necessary to assume a varying composition of 
the secretion from cells of the same type. 

Because of these and other similar facts it is usually impossible, 
without reservation, to compare analytical results which are not 
obtained under identical experimental conditions. 

The evaluation of the data becomes particularly difficult when 
the investigations do not apply to the same regions of the stomach. 
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Mot example, findings whiGb. are based on experiments with 
^ animals operated upon according to the methods of Heidenhaik 
and Pavlov cannot be compared directly with data referrin^^ to 
the secretion of the stomach as a whole. 

Though Ave still lack an understanding of the true nature of 
the processes which result in the variations of the composition 
of the gastric juice, we know from a series of examples that the 
relative proportion of certain single constituents may exhibit 
well defined variations under varpng external conditions.. 

Thus, according to Babkin (1930—31) and other investigators, 
gastric juice which is secreted after histamine injection is much 
poorer in pepsin than “hunger juice”, for example, and both 
lands contain less mucus than a secretion produced by means of 
pilocarpine. 

In the same connection Ave may also mention the changes of 
the hydrochloric acid concentration which appear, inter alia, 
when the rate of secretion is changed. 

It is generally assumed (Pavlov (1898), Hollander and Cow- 
gill (1931), Teorell (1933)) that the acidity gradually rises 
with increasing rate of secretion, and, conversely, falls when the 
amount of gastric juice secreted per unit of time diminishes. 

A reduction of the hydrochloric acid content may also arise 
when the gastric juice remains in contact with the gastric mucosa 
for a longer period of time (Gamble and McIver (1928)). 

Many theories haAm been advanced in explanation of the ob- 
served variations in the acidity of the gastric juice. 

Pavlov (1898) Avas of the opinion that the secretion of the acid 
producing cells is of constant strength, and that the variation 
of the acidity which may be observed Avhen investigating the 
gastric juice is due to the influence of neutralizing mucus. 

Rosemann (1921), on the other hand, maintained that the 
acid producing cells themselves are capable of secreting hydro- 
chloric acid, of varying concentration, dependent on the nature and 
intensity of the stimulus. 

Roth and Strauss (1899), MacLean and Griffiths (1928), 
Apperly and Norris (1930) and others emphasize the idea of a 
“Verdiinnungssekretion” as a link in the acid regulating mechanism 
of the stomach. In general, these authors find a decrease Avith 
time of the acidity of the alimentary gastric juice, and assume that 
the falling hydrochloric acid concentration finds its explanation 
in the admixture of an aqueous salt-containing secretion ■ 
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according to SIagLean and Griffiths of an approximately O.ll N 
solution of neutral chloride. 

The regurgitation theory, especially supported by Boldyrefp 
(1908) was long a subject of lively discussion; the idea was that 
the regurgitation of alkaline intestinal contents from the duo- 
denum into the stomach produces the fluctuations in the acidity 
of the gastric contents. Of course, the theory may be ignored in 
experiments where all connection with the intestine is broken off. 

It is considerably more difficult to test h}T)otheses like that of 
Hollander (1932), Avhich presupposes, side by side with the 
production of hydrochloric acid, the secretion of a neutralizing 
fluid containing bicarbonate. Yet, lowering of the acidity, produced 
in this way, must necessarily lead to an increased evolution of 
carbon dioxide in the ca\’ity of the stomach, and it should be 
possible in consequence to register the extent of the neutralization. 

Teorell (1933) was unable to verify any such production of 
carbon dioxide, and was therefore inclined to reject the theory. 
Instead he strongly advocates the idea of considering the acidity 
regulation a diffusion process. The hydrochloric acid is secreted 
at a high concentration, and any lowering of the acidity observed 
is brought about by an exchange of hydrogen ions with alkali 
ions through the stomach mucosa. 

In planning the investigations of which the following is a pre- 
liminary report, it Avas the intention (1) to prepare a general 
account of the composition of the gastric juice under certain con- 
ditions, and (2) to contribute to the understanding of the so-called 
acidity regulation. 

Out of regard to the formulation of the j)roblera, and in order 
to simplify the interpretation of the results, it Avas chosen to 
confine the investigation to that region of the stomach in Avhich 
the hydrochloric acid' is produced, i. e., the fundus. 

Rather than arranging tedious and complicated experiments 
by means of fistula- or pouch-operations, it was preferred to 
sacrifice a fresh animal on each experiment which therefore had 
to be carried out under narcosis and completed in one session. 
Cats were used. 

It has been endeavoured to make the experimental conditions 
as simple as possible; hence the changes in the composition of the 
gastric juice which are desired are produced solely by means of 
an arbitrary change in the amount of secretion per unit time. 

It should be added, however, that the gastric juice in some of 
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the experiments is secured at certain intervals, 1/4 or 1/2 tour, while 
in others a continuous aspiration has been carried into effect so 
that the gastric juice is withdrawn from the stomach immediately 
after the secretion. 

In all experiments the secretion is produced by means of hista- 
mine. The doses are adjusted empirically, according to the inten- 
sity of secretion desired. 

7 experiments are mentioned. In 5 of these the gastric juice is 
collected in 2 fractions — one during stronger, the other during 
weaker secretion. 


Methods. 

The cats weighed from 2.5 to 3.2 kg and were apparently healthy and 
well fed. 

Chloralose and urethane were used for the narcosis, O .05 and 0.5 g 
per kg body weight respectively. 

Histamine hydrochloride was used in a O.i % solution, injected 
subcutaneously in doses of 0. 25 — 0.75 mg. 

Prior to the first experiments the animals had been starved for 24 
hours, but since it appeared that this procedure affected the secretory 
capacity too much, it was tried in the last two experiments to withhold 
solid food from the cat during the last 24 hours while feeding it milk 
until about 10 hours before the beginning of the narcosis. 

Through a cut in the center line of the abdominal wall a rubber- 
coated clamp is placed on the transition between the fundic and the 
pyloric regions so that any connection between these two regions 
becomes impossible. Next, a double tube is lowered through the 
pharynx and the esophagus, the tube consisting of a rigid, laquered 
catheter with a tight fitting soft Nelaton catheter inside. 

The outer tube is introduced only so far that the end, which is 
equipped with a special rubber cuff, just lies in the cardia. 

2 catgut ligatures are tied around the lowest part of the esophagus 
wall which in this way fits closely to the rubber cuff lying inside. 

The Nelaton catheter is longer than the outer tube and extends all 
the way into the stomach, with a 6 — 7 cm long, free piece which is 
perforated in several places. In this way it is possible, by means of a 
calibrated glass sjrringe, to withdraw the gastric juice collected in the 
isolated fundus cavity. 

Care is taken to prevent evaporation and admixture of foreign matter. 

The hydrochloric acid is determined by titration with a O.i N COg- 
free solution of sodium hydroxide. 

It is preferred to titrate to pH — 5, on the, basis of the assumption 
that the isoelectric point of the mucins, etc., in gastric juice, as in the 
case of most proteins, lies in the proximity of this value. 

In this way it is assured, as far as possible, that the amount of NaOH 
consumed is exclusively a measure of the HCl-content of the gastric 
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juice. Brom cresol green is used as an indicator; the desired end-point 
of the titration is found by comparison mth the colour of a citrate 
solution (accordmg to Sorensen (1910)), to which is added the same 
amount of indicator as in the samples of the gastric juice. 

The difference between double analyses but rarely exceeds O.s %. 

In principle chloride is determined according to the method of 
"Wilson and Ball (1928) the silver chloride precipitate, however, being 
filtered before the titration. In this way it is possible to obtain reliable 
and accurate results. The error of the chloride determination is 0.3 % 
at the most. 

The sodium analyses are made by means of a micro-apparatus ac- 
cording to the method of Barber and Kolthoff (1928). With the 
available amounts of material the error will usually be less than 1 %; 
the same is true of the potassium determinations which, in the main, 
are made accordmg to the procedure described by Peters and van 
Slyke (1932), reduced to microscale. 

Ammonium is measured in the “units” proposed by Conway and 
Byrne (1935), but the directions of the authors have not been followed 
in all details. Thus the titration is carried out -with an approximately 
N/TO sodium hydroxide solution, using brom cresol purple as indicator; 
likewise, it is not found necessary to shorten the distillation period 
when the material is gastric juice. If care is used, the results are reUable; 
the error is about 2 % at the most. 

Calcium and magnesium are determined using a technique which 
closely follows the micro-procedure proposed by Benedetti-Pichler 
(1924) and Benedetti-Pichler and Schneider (from Hecht and 
Donau (1940)) respectively. 

Phosphates are determined according to Fiske and Sltjbarow 
(1925); 

The total nitrogen of the gastric juice is determined by combining 
the Kjeldahl digestion proposed by A. C. Andersen and Norman 
Jensen (1931) with distillation in the apparatus of Parnas and Wagner 
(1921). 

The pepsin values are found by means of the method of Bent Ander- 
.SEN (1938). The standard curve is prepared from analogous experiments 
with solutions containing known amounts of Merck Pepsin. 

Hydrochloric acid, total chloride, ammonium, total nitrogen and 
pepsin are determined directly in separate 1 ml samples of the gastric 
juice. 

For the detennination of sodium, potassium, calcium, magnesium 
and phosphorus, some 15 ml of gastric juice are pipetted off and evapo- 
rated in a quartz dish, concentrated sulphuric acid is added, the solution 
evaporated, and the residue ignited. 

After heating wdth dilute hydrochloric acid for some time the total 
ignition residue is dissolved and then transferred quantitatively to a 
measuring flask and made up to 50 ml by means of distilled water. 

15 ml are withdrawn from this flask for the sodium and potassium 
analyses. Calcium and phosphates are removed in a suitable manner, 
whereupon follows treatment with concentrated sulphuric acid, igmtion. 
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etc. Finally, tlie alkali metal sulpkates are transferred to a weigWng 
glass; after evaporation in a drying oven tke salts are "weiglied and tken 
dissolved in 1 ml of water. The samples for the determination of sodium 
and potassium are obtained from this solution by means of micro- 
pipettes. 

With only a few exceptions, each result is the average of double 
determinations. 


Results and Discussion. 

The results of the determinations of the acid and total chloride 
are recorded in table 1. 

Experiments XII, XV, XVII, XVIII and XX show plainly the 
well known connection between acidity and rate of secretion. 
The concentration of hydrochloric acid in the samples analysed 
varies from 137.3 to 167.0 milli-equiv./liter, i. e., within an interval 
of 29.7 milli-equiv./liter. 

There may be reason to emphasize that the acid values on the 
average are quite high in comparison with the observations of 
most authors. Even at a secretion as reasonably small as 1.14 ml 
per 15 minutes we find 139.45 milli-equiv. /liter. Concentrations 
like the highest ones in this material (167 milli-equiv./liter) are 
found but rarely in the literature. 

The same may be said with regard to the chloride values. 
The difference between the highest chloride concentration, 190.1, 
and the lowest, 167.6 milli-equiv./liter, is 22.5 milli-equiv./liter, 
thus nearly the same as the maximal amplitude in case of the acid 
figures. 

It will be seen from the figures in table 1 that the total chloride 
also shows a regular connection with the rate of secretion. In 
analogy with the changes in the acidity, the chloride concentration 
rises and falls with the amount of gastric juice secreted. 

The indmdual experiments in which the gastric juice is collected 
in two fractions indicate, moreover, a certain parallelism between 
the concentrations of hydrochloric acid and total chloride, insofar 
as they are displaced about equally in the same direction when the 
rate of secretion is changed. The discrepancies seem to be some- 
what larger, however, in case of the hydrochloric acid, so that the 
difference between the chloride and the hydrochloric acid figures 
is the smallest in the proximity of the maximal values. 

These results are completely in line with those of Hollander 
(1931 — 32) and Teorell (1933). 



Table 1. 

Scorofcion in ml per Vi bear. 

Concentration of Cl and HCl expressed in milli-equivalcnts per liter of gastric juice. 
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The largest and smallest difference between corresponding 
chloride and hydrochloric acid values is 33.0 and 19.2 milli-equiv./ 
liter respectively, the mean difference being 2G.3 milli-equiv./hter. 

These quantities correspond very closely to the contents of 
neutral chloride, i. e., cations other than H"*" or total base in 
the samples, as evidenced by aU the more complete analyses 
(see table 1). 

Although it thus seeins to be true that the amount of neutral 
salts per unit of volume of gastric juice decreases with increasing 
concentration of hydrochloric acid, these data nevertheless give 
no support to the contention of Gilmaij and Oowgill (1932 — 32) 
and others, that the neutral chloride content is entirely insignifi- 
cant at maximal rate of secretion and maximal acidity. 
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Rosemann (1907) dciRoiistrated tliat there is more potassium 
than sodium in the “hunger juice”; the analyses of all the samples 
in the present investigation give the same result (table 2). 

It may he added that the sodium is found to vary from 3.85 to 
13.15 milli-equiv./liter, potassium from 10.23 to 18.78 milli- 
equiv./liter. 

It is novT found that there exists a distinct relationship between 
the potassium-sodium ratio and the concentration of total chloride, 
noticeable by comparison of different experiments (see fig.). 
It is seen moreover, in the experiments where two portions of 
gastric juice are analysed, that a lowering of the concentrations 
of both sodium and potassium occurs during more ample secre- 
tion, though sodium varies considerably more than potassium 
■svithin each individual experiment. 

The ammonium content is rather fluctuating: 1.53 to 8.97 
railli-equiv./litor, but does not appear to have definite connection 
nith the other inorganic compounds. Continued investigations of 
tliis very point are planned. 

Calcium is found in only small amounts: from 0.28 to 2.2G 
milli-equiv./liter. The concentration is apparently higher at lower 
rates of secretion. 

It has not been possible to demonstrate the presence of magne- 
sium in any of the samples, not even microscopically. 

Phosphorous is found only as traces (table 3). 


Table 8. 

T and N expressed in mg per 1 liter of gastric juice. 

The pepsin figures expressing percentages of Merck Pepsin solution. 
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The pepsin content (table 3) is determined in two of the experi- 
ments (XVIII and XX), though only the result of XX can be con- 
sidered reliable since the analyses in XVIII were carried out after 
the gastric juice had remained in the refrigerator for a longer 
period. 

After subtraction of the ammonia nitrogen, the quantities of 
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total nitrogen are an expression of the total amount of mucin and 
other protein-like substances (table 3). 

The figures are relatively small in comparison with most of 
the results of the literature. 

Summing up, it may be said that the variations which are 
observed in the composition of the gastric juice to a very large 
extent depend on the rate of secretion, but it is hardly of any 
importance whether the aspiration of the gastric juice is carried 
out continuously or discontinuously at intervals of to hour. 

In order to find out what conclusions regarding the acidity 
regulation we may draw from the data obtained, it is expedient 
first to investigate whether any of the existing theories can satis- 
factorily explain the present findings. 

If we assume that the composition of the secretion of the acid 
producing cells is primarily constant, it is necessary first to con- 
sider the possibility that the varying acidity and salinity of the 
gastric juice are due to admixture of secretions from the other 
glandular elements of the stomach. 

In all probability histamine acts as a specific stimulus for the 
hydrochloric acid producing glandular cells. Therefore, if the 
primary hydrochloric acid secretion has a certain, constant com- 
position, this will be reproduced by the gastric juice with an ap- 
proximation which becomes better the more the secretion increases 
in strength. 

In that case the object will be to determine the composition 
of the secretion in question, but it is not possible to offer an exact 
solution of this problem on the basis of the available results. 
At the most, it may be possible in the experiments where the 
gastric juice is obtained in two fractions to estimate how we must 
suppose the primary hydrochloric acid secretion to be composed 
under the arbitrary assumption that the “Verdiinnungssekret” 
also is of constant composition and moreover is secreted at a 
constant rate, independently of the rate of the hydrochloric acid 
secretion. 

If Aq, Bq, Mq and M'q are the concentrations of any electrolyte {q) 
in the primary hydrochloric acid secretion, the “Verdiinnungssekret”, 
the “fast”, and the “slow” fractions respectively, we obtain 

x'Aq+yBq = v' Mq (“fast” secretion)! /, ■. 

x' • Aq A- y' ' Sq — v' ' M'q (“slow” secretion)] • * • • ' 1 

where x, y, v, x' , y', v', are the rates of flow of the different secretions 
in the two cases. 



ELECTROLTTE CONTENT OF GASTRIC JCICE. 


49 


Hence putting y—y' 

(i. e. the same rate of flow of the “Verdunnungssekret” during fast and 

slow secretion) 

and 

X -{-y —V 
+ = 

wc obtain 

= p, 

The results are somewhat deviating, however, in the different 
experiments (see table 4), but it should nevertheless be safe to 
conclude from these data that the secretion from the hydrochloric 
acid producing cells is not a pure hydrochloric acid solution, but, 
at any rate, also contains discernible amounts of potassium chlo- 
ride. 

Table 4. 

Conceniraiion of hypothciical hydrochloric acid secretion. 


Chloride 185 — 195 milli-eqniv./Iiter. 

Hydrochloric add 169 — 174 3 » > 

Potassium 10.6 — 22 > » » 

Sodium 2.1 — 2.2 > » » 


The figures for hydrochloric acid are of the same order of 
magnitude as the values extrapolated by Hollander (1932). 

In one experiment (XX) it is also tried to make a calculation on 
the basis of the pepsin content of the two fractions, assuming that 
the variation of the electrolytes is due to an admixture of secretion 
from the pepsin producing cells in which case the pepsin content 
should probably be proportional to the electrolyte admixtures. 


From equation (1) we find 




and if it is assumed that the Verdunnungssekret” has a constant 
pepsin (and electrolyte) concentration we obtain 


t' y’ j y 
V -^y' I 


(3) 


where y' and p are the pepsin concentrations of the 
fractions respectively. 

Hence 





L 

P' 


“slow” and 


“fast 




4 — ',2^,075. Acta vhvs. Scandinav. Vol. 5. 


(4) 
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The composition of the primary hydrochloric acid secretion as cal- 
culated from experiment XX is then as follows: 

Chloride 196. s milli-equiv./liter 

Hydrochloric acid . 176.0 » » » 

Potassium 14,8 » » » 

Sodium l.G » )) )) 

It seems worth Avhile to investigate whether it is at all possible 
that the changes of the composition of the gastric juice which we 
find at the transition from faster to slower secretion may conceiv- 
ably be caused by the admixture of any secretion of “reasonable’' 
composition (see below). 

If we consider the “slow” fraction of the juice as a mixture 
of the rapid one and some “Verdiinnungssekret” it is possible by 
simple calculation to establish how the contents of the different 
electrolytes in the “Verdiinnungssekret” must change when we 
successively attribute an increasing series of chloride values to 
this secretion. 

If z is the rate of flow of the “fast” fraction and n that of the “Ver- 
diinnungssekret”, the other letters having the same significance as 
before, then 

z'My-j-n-By= (z + n)AI'y 
and hence for example 

+ = + 

or similarly ^ My„ -f -f 1 j 3I'x„ 

and + = 

n j 

z 

Inserting different values for the corresponding values of — may 

be obtained and from these again Bk. etc. may be calculated. 

By way of illustration an example of the calculation is given (XVIII): 


Bri 

z 

n 

Bji 

Bjicos 

Bk 

Bsa 

50 

12.6 


156 

46.1 

123,2 

60 

11. G 


132 

43.6 

114.4 

70 

10. G 


109 

41.0 

105.7 

80 

9.5 


83 

38.2 

96.1 

90 

8.5 


60 

35.6 

87.4 

100 

7.5 


36 

33.0 

78.7 

110 

6.4 


11 

30.2 

69.1 

120 

5.4 

13 


27.0 

60.4 

130 

4.4 

36 


25.1 

51. G 

140 

3.3 

62 


22.2 

42.0 
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It is found in this way that at a chloride value of around 80 
inilli-equiv./liter the “Verdunnungssekret” changes from acid 
to alkaline reaction so that at lower chloride values the secretion 
is alkaline and contains an amount of bicarbonate which increases 
with decreasing chloride concentration, while at higher chloride 
values the secretion must be acid, and more so the higher the chlo- 
ride value attributed to it. The volume of the secretion necessary 
to bring about the required change in electrolyte composition 
increases with, increasing chloride value, its total concentration 
of electrolytes being minimum when Cl = 80 and increasing to 
both sides of this point. 

Since according to Teorell (1933) it is unlikely that bicarbo- 
nate in larger amounts is the cause of the “neutralization” of the 
fast secretion, the hypothetical “Verdunnungssekret” must be 
neutral and have a total concentration of electrolytes of about 
80 railli-equiv./liter, and since at the same time the calculation 
shows that the potassium content in this case must be between 
17 and 30 we have evidently to deal with a strongly hypotonic 
secretion with a very high potassium concentration. The only 
analytical data in the literature with which these figures may be 
advantageously compared are the data for the pylorus secretion 
found by Gamble and McIver (1928) and by Takata (1922 — 23), 
viz., Cl; 158 — 150, K: 8.8 — 15 milli-equiv./liter, where the former 
figures (Gamble and ^IcIver) probably are the most reliable 
ones. This comparison shows that if the change of the composition 
of the “fast” secretion is caused by a secretory admixture, this 
admixture must be very different from the pylorus secretion, and 
in general be of a very unlikely composition. 

The conclusion must be that the observed changes in the con- 
centration of the electrol}d;es of the gastric juice, including that of 
the hydrochloric acid, cannot be explained solely as consequences 
of dilution, neutralization, or, on the whole, of an admixture of 
any secretion. 

Nor does it seem possible to confirm Teorell’s diffusion 
tlieory on the basis of these results. In particular, it does not 
agree with the strange phenomenon that not only the sodium, 
Imt also the potassium concentration is increased in the fraction 
collected during slower secretion. 

Of course, we must always bear in mind that the electrolyte 
fluctuations may possibly be an expression of a combined effect 
of several dissimilar processes: for example, diffusion and an ad- 
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mixture of secretion rich, in potassium might be considered a 
plausible cause of the variations found. 

Thus it seems possible to interpret the findings in question, 
even vheu assuming a constant composition of the primary hydro- 
chloric acid secretion, but there are several facts to indicate that 
this assumption does not hold true, or, at any rate, is valid only 
%vithin certain limits. 

Tor example, small changes of the composition of the primary 
secretion, in combination with the admixture of a small amount 
of another secretion, possibly containing a little bicarbonate, 
would be sufficient to explain the electrolyte fluctuations observed. 

On the other hand, the present relatively uniform data contain 
no direct proof of the assumption that large changes in the com- 
position of the gastric juice should be produced by means of a 
mechanism which is in agreement with Rosemann’s assumption 
of a primarily varying hydrochloric acid secretion. 


Summary. 

1. A brief presentation is given of different factors affecting 
the composition of the gastric juice. 

2. The results of a series of analyses of gastric juice are reported, 
the gastric juice in question being secreted by the isolated fimdus 
in cats under the influence of histamine. The investigations are 
focused on the changes in concentration of the electrolytes of 
the gastric juice, accompanying fluctuations of the rate of 
secretion. 

3. The concentrations of hydrochloric acid and total chloride 
rise with increasing rate of secretion; the contents of neutral 
chloride diminish at the same time, without however falling much 
below 20 milh-equiv./liter, 

4. The ratio between the potassium and the sodium concentra- 
tions is a function of the concentration of total chloride. 

6. The concentrations of potassium and — especially — of 
sodium decrease when the rate of secretion increases. 

6. With Heidenhain-Pavlov’s theory regarding the acidity 
regulation as a starting point, an attempt is made to estimate 
the composition of the primary hydrochloric acid secretion; in 
all probability this secretion contains a not insignificant amount 
of potassium chloride. 
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7. After a treatment of tte data in the light of different theo- 
ries, the conclusion is reached that it is hardly possible to main- 
tain the thesis of the constancy of the primary hydrochloric acid 
secretion in its strictest sense. 

The author is indebted to Professor Dr. Einar Lundsgaard 
who placed the facilities of the Medico-Physiological Institute at 
his disposal and followed the physiological part of the investigation 
Avith an ever helpful interest, and to Professor Dr. K. Linder- 
strom-Lang for excellent Avorking conditions and for untiring 
guidance and stimulating suggestions Avhile the analytical work was 
in progress at the Carlsberg Laboratory. 
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A A’ew ^letliod lor Direct Klectric Degistration 
of tlie Intra-Arterial Pressure in Man, 
with Examples of its Application. 

By 

FRITZ BUCHTHAI.’ and ERIK WARBURG. 
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The convenient iinlirect method for mensurinj: the arterial 
l>)nod prn.'jsiiro is uncertain and leavc.s room for many errors. 
Tlie d(!Vclo])ment of a phy.siolopcally and clinically ea.sy method 
for ilirect mc.nsnrathm of the intra-arterial pressure will therefore 
lie of value. 

Wheti nten.-iurino the pressure directly, one does not. as Avlien 
meusurint! it indircctlv, can.so anv chanye in the hvdrodvnamic 
condition in the vesstds. With the indirect method, the com- 
prc'-'-ion introduces an increase of prc.«Sure due partly to reflec- 
tion. partly to the, tratisformntion of tlie ‘‘kinetic'’ component 
into V. jire.ssurc comj)onont, holh of ■which enter into the measure- 
ment of the rosnltint' }>ressure. 

Flirt lier difficulties arise when it comes to estimating the din- 
stolic pressure hy the indirect method. Here the usually appli- 
cahle criteria introduce a very considerable uncertainty, wliicli 
under certain conditions, such as intense mu.scular effort, make 
measuring impossible. Thc,se uncortnintic.s, togetlier with the 
rigiditv of the tissue and parlicuhrJy of Ihc vcsach thcmi^chcs 
and the inaccuracy that the prc.s.sure i-s not measured at a well- 
defined jioint of the va.sculnr system, make the indirect method 
unsuitable for a rjuaiititativo e.stimation of the systolic, and 

Working vifti rcllnwhhip from Uio Michficlsen Fund. 
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especially of the diastolic pressured Besides, the indirect method 
presupposes uniformity of the individual heart beats and permits 
neither registration of the changes in pressure vithin a given 
time nor continuous registration. A number of attempts have 
been made to devise a method for measuring the pressure in the 
arteries directly, by • arterial puncture.® In the hands of an in- 
experienced operator this procedure may, of course, involve 
certain difficulties, but especially in America it has been used 
for many purposes, and with some practice it can be carried out 
without any more discomfort to the patient than a venipuncture. 
In their present form these methods are unfortunately, on ac- 
count of the coagulation in the cannula, unsuitable for experi- 
ments lasting more than about fifteen minutes, unle_ss special 
measures are taken. 

The first manometers for quantitative mensuration of the intra- 
arterial pressure were constructed by Franck and described in 
his classical papers from 1911 and 1915. Later, the method was 
further developed by Wiggers (1928) and by Broemser (1927) 
in the form of a glass plate manometer, which was used by Wole 
and VON Bonsdorfe (1931) for measuring the intra-arterial 
pressure in man. The drawback to the practical use of mano- 
meters of this type is the optical or mechanical transmission for 
visualisation of the movements of the glass membrane, because the 
slightest displacement of the manometer compromises the registra- 
tion of the pressm’e curve. Electric transmission of the movements 
of the membrane would therefore offer great advantages. 

The possibihties of effecting an electric transmission are num- 
ereous. Change of resistance as way of transmission was used 
by GrunbauM' (1897), Garten (1915) and Schutz (1931) in a 
pressure sound for measuring the intra-vascular pressure in ani- 
mals. A manometer with photoelectric transmission was devised 
by Rein (1940). For measurements on man, the piezo-electric 
effect has been used by Langevin and Gomez (1931), Fabre 
(1940) and Macleod and Cohn (1941), but the method has not 
been adopted to any great extent, probably because only the 
variations in pressure, but not the mean pressure, can be followed, 
and because the more sensitive crystals are greatly influenced 
by temperature changes and show hysteresis. 

^ A discussion of the oscillometry and its partly uncertain criteria lies outside 
the scope of this communication. 

* For literature see VQK Recki.ikghauses’8 monograph (1940). 
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An apparatus both physiologically and clinically serviceable 
for measuring the intra-arterial pressure in man must satisfy the 
following requirements: 

1) It must be sufficiently sensitive and have an adjusting 
period sufficiently short to give a constant sensitivity up to 80— 
100 oscillations per second. The damping of the manometer must 
correspond to an approximately aperiodic adjustment, so that 
there will be no need for the introduction of any kind of addi- 
tional damping into the system, and it must not show mechan- 
ical hysteresis or elastic after-effect; that is, it must possess 
constant sensitivity both statically and dynamically. 

2) The transmission by which the pressure variations are 
registered must be such that the device registering the pressure 
is small and light and can he easily applied independently of the 
recording part of the apparatus. 

In the system used by us, the variations in pressure cause a deforma- 
tion and thereby a change in capacity of a “condenser chamber” con- 
sisting of a rectangular condenser plate 1 x 4 X 20 mm in size, placed 
isolated, in a closed box of phosphor bronze (the other plate of the 
condenser; see fig. 1.) The box fits closely around the plate, but with- 
out touching it, the distance between the two being about 10 to 20 fx. 
A variation in the pressure on the walls of the box, which are 0.2 mm 
thick, wll cause a change in the distance between the latter and the 
plate, resulting in a rather considerable alteration of its capacity, 
even with very slight movements. 

The condenser chamber is placed in a glass cylinder of the form of 
an ordinary 1 cm^ injection syringe, and is fastened to a bottom piece 
which takes the place of the piston. The syringe is filled with sodium 
citrate to prevent coagulation, care being taken to avoid air bubbles 



Fig. 2. 

CnhJf. 1. Conductor. 2. Paper insulation. 3. RuBber tubes. 4. Electrostatic 
metal screen. 5. Protecting rubber tube. 

The chamber and the syringe, being respectively of metal and glass, 
can be easily cleaned and sterilised. The condenser chamber is con- 
nected with a screened cable, the core of which connects with the cen- 
tral condenser plate; tvhile the screen is in contact with the box. The 
connection is made by means of a plug with a revolving nut, and is 
thus easily made or interrupted as required. 

The greatest difficulty has been to make this cable sufficiently light 
and flexible, but at the same time of low and constant capacity, A 
cross-section of it is shown in fig. 2. The conductor in the centre of the 
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cable is a high frequency Avire Avhich is kept in position by means of 
four slightly spiral-twisted, thin-walled rubber tubes surrounded by a 
metal screen; the latter being covered on the outside by a suitable 
material in order to ensure a constant diameter. 

The condenser chamber is connected to an oscillating circuit, where- 
by the changes in capacity are converted into changes in frequency, 
resulting in a mistiming in relation to a secondary oscillating circuit 
in the arrangement. Both circuits are tuned to a frequency of about 
500,000 oscillations per second. The high frequency arrangement cor- 



Fig. 3. 

Diacrani of the high frequency arrangement for measuring capacity- variations 

(see text.) 

resjionds in principle to the one described by ZachariAs (1938) as 
esjiecially suited for condenser microphones and used in a slightly 
modified form by Buchthal (1942) for measuring the mechanical 
tension of muscle fibres via changes in capacity. The arrangement is 
.shown in the diagram fig. 3. The difference from the one used for the 
condenser microphone is that in ours the output tension lies around 
jjotential zero, Avhich is of advantage in various tvays tvhen the ar- 
rangement is to be connected to an amplifier and an oscillograph. 

At maximum sensivity, the high frequency arrangement gives 1 volt 
per 100 mm mercury pre.ssure. For the measuring of venous pressure, 
a more sensitive condenser chamber is used, and thus the sensitivity 
of the whole system increases. The limit in sensitivity is not set by the 
high frequency arrangment but by the connecting cable, the capacity 
A'ariations of which are added to those of the registering device. With 
the condenser chamber used for the arterial pressure measurements. 
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Capacity variation, in relative units, as function of the static pressure. — Ordi- 
nate: Excursion of the manometer (in relative units). — Abscissa: Pressure (in 

mm Hg.). 


the sharpest bends of the cable cause an error which may amoimt to as 
much as 10 per cent of the mean pressure, corresponding to 10 mm Hg. 
Generally, the error is from one-fifth to one-fourth of the maximum 
value. 

Between the injection cannula and the syringe there is inserted a 
small three-way tap (fig. 1), by means of which the condenser chamber 
can be connected to the atmosphere and thus register zero pressure. 
This is done several times in the course of each experiment. Varia- 
tions in the capacity of the cable and possible drift in the amplifier 
will therefore be of no significance. 

The sensitivity of the high frequency arrangement can be varied 
at will. A switch is built in, by means of which different small capa- 
cities corresponding to suitable pressure variations may be coupled 
in as control for the sensitivity. 

The tension from the high frequency arrangement is directly con- 
nected to an a. c. amplifier with suitable time constant, e. g. as used 
in amplifier-electrocardiographs. Normally, only the pressure varia- 
iions are registred in this way; but as an instantanous fall of pressure 
to zero, which is registered, can be obtained by opening the three- 
way tap just mentioned, the height of the actual pressure can be measu- 
red, the registered fall representing the difference between the (intra- 
arterial) pressure before and the (zero) pressure after the tap has been 
opened. 

For simultaneous, direct measurement of the pressure variations 
and the height of the resulting pressure a d.c. amplifier is used (Buch- 
THAL and Nielsen, 1936). With an electrostatic oscillograph as. re- 
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gistering instrument, an amplification of 50 times (a single stage) is 
sufficient. 

In a series of experiments not only the pressure variations, but also 
the mean pressure was measured. This was done with the aid of a 
low-pass filter in the d. c. amplifier, whereby an electrical integration 
of the pressure curve is obtained. 

The physical properties of the manomeler. — The static, capacitive 
sensitivity of the manometer is O.oi cm per 100 mm Hg. As it will 
be seen from the curve in fig. 4, the measuring system is linear within 
a’ range from 0 to 300 mm Hg. The curve in Fig. 5 shows the sensi- 
tivity for low positive and negative pressures. The interdependence 
of pressure and capacity is reversible within the limits of accuracy 
set by the electrical measuring arrangement. The sensitivity of the 



Fig. 5. 

Static calibratioa for small negative and positive pressures. — Ordinate: Excur- 
sion of the manometer (in relative \mits). — Abscissa: Pressure (in mm Hg.) 


pressure-registering device does not change with time, and variations 
in temperature are practically without significance. 

The dynamic sensitivity of the pressure-registering device is equal 
to the static up to several thousand oscillations per second. When the 
condenser chamber is placed in fluid, in connection with a long, thin 
cannula, its dynamic sensitivity of course diminishes, because the 
fluid must move rapidly back and forth in the tube in order to deform 
the walls of the pressure chamber. With a given registering device 
possessing the above mentioned properties, the range of frequency 
■within which true pressure values are registered is thus determined 
exclusively by the length of the cannula and the size of its lumen. 
The cannula must therefore be as short and have as wide a lumen as 
practically possible. In the experiments here described we generally 
used a cannula 20 — 25 mm long, with a bore of 1 mm. 

The dynamic calibration was done by means of an air pump pro- 
ducing up to 150 strokes per second. The pressure-registering system 

— i. e. the syringe with condenser chamber, the tap and the cannula 

— are filled •with fluid and placed in communication "with the cylinder 
of the pump via a small air chamber. To maintain a constant mean 
pressure and constant variation of the pressure, the valves of the pump 
were closed, whereupon the pump in a few seconds was brought up 
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to a maximum of revolutions and at the same time the pressure varia- 
tions registered. In this maimer the dynamic sensitivity as a function 
of the frequency was ascertained for frequencies from about 5 to 210 
vibrations per second (figs. 6 and 7). Without cannula the resonance 
frequency is about 120 vib./sec., (limited by the nozzle of the syringe). 



Dynamic calibration of the fluid-filled manometer with cannula. (Bore of can- 
nula, 1 mm.; length 25 mm.). Periodically varying pressure of varying frequency. 

— Time marks, 20 ms. 



Fig. 7. 

Dynamic calibration. Pressure excursions, in relative units, as function of the 
frequency (cf. fig. 6). — Ordinate: static sensitivity. — Abscissa: frequency, (log. 

scale). 

with a cannula 25 mm long and 1 mm in diameter about 90 vib./sec. 
Higher frequencies are registered with diminished sensitivity. The 
damping of the system is due chiefly to the fluid resistance in the can- 
nula and is approximately aperiodic. When measuring arterial pressure 
it is therefore not necessary to introduce an air chamber into the system, 
which would affect the dynamic sensitivity. 

In the following we shall relate experiments, some made with 
one and others mth two of the manometers described, on the 
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brachial or femoral arteries of no,-mal individuals, and some 
orientating experiments on patients with cardiac affections (35 
persons in all). Comparison with the pressures found by the 
auscultatory method showed that there were more or less con- 
siderable differences between these and the values recorded bv 
the manometers; the systolic pressure being in most instances 
10 to 30 mm higher by indirect measurement. This accords with 
the experience of von Bonsdorfp (1932). The directly measured 
values for the diastolic pressure had no constant relation to those 



Fig. S. 


The manometer connected with the iiigh frequency arrangement for measuring 
the pressure in the brachial artery. 


found by indirect. mensuration, but with the latter the amplitude 
of the blood pressure variation is nearly -always measured too 
low. The experiments were made with the subject in recumbent 
position and the manometer placed about at the height of the 
heart. The pressures in the brachial artery were taken 1 — 2 cm 
above the elbow joint, at the medial margin of the biceps muscle 
(fig. 8); those in the femoral artery in the inguinal fossa, below 
the inguinal ligament. In most of the experiments the cannula 
was inserted into the artery at right angles to the latter, so that 
the measurement was truly a record of the lateral pressure. Con- 
trol experiments vdth corresponding current velocities, both on 
man and on models, showed however that the error resulting 
from longitudinal insertion of the cannula into the vessel does 
not exceed 5 mm Hg. After the termination of the experimeefc 
the artery is compressed for about twenty minutes. 
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In fig. 9 a and b are shown the simultaneous registrations of 
an electrocardiogram and the pressure curves from the brachial 
and femoral arteries.^ The time interval between the peak of the 
B wave and the point where the pressure begins to rise is for 
measurements in the brachial artery about 130 milliseconds 



a) Record of pressure in the brachial artery, together with electrocardiogram. 

b) i> » » i> » femoral » » » i> 

(ms.), for measurements in the femoral artery about 160 ms. 
When the pressure is taken simultaneously in the brachial and 
the femoral arteries (fig. 10), there, will usually be a correspond- 
ing interval between the starting points of the curves, because 
the rise in pressure in the brachial artery begins 20 — 30 ms. 
before the rise in the femoral artery. The pressure also reaches 
its maximum later in the femoral artery, owing to the longer 

■When registering electrocardiogram and blood pressure changes simultaneously 
with an ordinary amplifier-electrocardiograph it is necessary to insulate the high- 
frequency arrangement from the patient in order to prevent escape of the electro- 
cardiogram in- the blood pressure curve. This is easily done by insulating the con- 
denser chamber in the syringe. 
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distance over which it has to be propagated and the resulting 
smoothening out of sharp pressure impulses. The rising time is 
about 20 ms. longer in the femoral than in the brachial arterv. 

Besides the primary change in pressure there is, as we know, 
in the brachial artery first a slight, then a strong secondary 
wave; whereas in the femoral artery there is only one, strong 
secondary wave. The mechanism of the origin of these secondary 
waves is still debated and may be briefly mentioned here in con- 



Simultnneous registration, with two manometers, of the pressures in the brachial 
(lower curve) and femoral (upper curve) arteries. The figures on the curves in- 
dicate the values of the mean pressure and the pressure variations in mm Hg. 

Time marks, ,u0 ms. 


nection with the measuring of intra-arterial pressures durmg local 
occlusion immediately below the point where the pressure is 
taken. The artery is compressed by application of a strong pres- 
sure against the humerus, and can be closed completely in per- 
sons where there is not too much adipose tissue. When the occlu- 
•sion is complete, the amplitude increases 15 per cent, and at 
the same time the mean pressure rises 10 — 15 per cent. The 
latter determination is less exact, however, owing to the delay 
when the mean pressure is registered. Both with and without 
occlu.sion the pulse curve from the brachial artery shows, after 
its maximum, besides the primary change in pressure, the two 
extra waves mentioned. The theories regarding the origin of these 
\nbrations are discussed at length by von Recklinghausen 
5 — 'i2-'t07o. Acta phvs. Scaudinav. Vol. 5. 
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(1940). The first secondary wave occurs 150 ms. after the curve 
has reached its maximum, the second 260—300 ms. after the 
peak. Without occlusion, the amplitude of the first vibration 
is slight, but during occlusion it becomes markedly higher, and 
the first vibration therefore just as strong as the follovuntr (fitr 
11 ). 

The amplitude of the second vibration is not altered by the 
occlusion, but the curve gets a different form. During occlusion 
this vibration begins more steeply and sometimes has a double 
peak. The distance between these two highest points is less 



Fig. 11. 

Alternating and mean pressures in the brachial artery under local compression 
distally to the place where the pressure is taken; a) without compression; b) local 
compression. The figures on the curves indicate the values of the mean pressure 
and the pressure variations in mm Hg. Time marks 50 ms. 


than 50 ms. The increase in the amplitude of the first secondary 
wave during occlusion occurs without any simultaneous change 
of its location in relation to the peak of the curve, and must be 
due to the altered conditions of reflection and absorption at the 
point where the artery is compressed. 

The pulse wave probably becomes reflected at the point of 
compression, and passing back to where the brachial artery joins 
the larger vessels is reflected there as a negative pressure wave, 
which is registered 150 ms. after the curve has reached its highest 
elevation. That the wave occurs even when the artery has not 
been compressed must be due to reflection at the point v/^here the 
brachial artery divides, or at the branching-off of yet more distal 
ramifications. The latter is less likely, though; because the dif- 
ference in time between the pressure maximum and after wave 
is not measurably changed by the occlusion. If the reflection 
occurred in the smaller branches of the artery this difference 
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'would be increased, due to tbe propagation time over the increased 
distance. 

The other possibility is that the -wave really starts proximallv 
to the point of compression but normally diminishes owing to 
the damping in the vessels distal to that point, because the en- 
tire elastic system must be considered as a unit. The absorption 
should then be hindered by the compression, and the -vdbration 
Avould occur in its actual size. The experiments described in the 
folio-wing, with measurement of the pressure during inhalation of 
amyl nitrite, indicate, however, that the wave is not initiated 
proximal to the point of compression; because it disappears under 
the influence of that drug, which should not be supposed essen- 
tially to affect the capacity for transmission and reflection of the 
valves or root or large branches of the aorta (though in this con- 
nection the velocity of the pulse wave plays no role). 

The second after-wave — the much discussed dicrotic ■vdbra- 
tion — was originally thought to be determined by the closing 
of the aortic valves, an idea which corresponds also with the 
time of its occurrence. But as shown by von Recklinghausen, 
among others, the matter is considerably more complicated. The 
maximum pressure during diastole is due to the resulting reflec- 
tion of the pressure wave through the whole vascular system. 
The second wave (the dicrotic •vdbration) is mainly this reflected 
wave (“Gewogewelle”), which becomes further deformed during 
the closing of the aortic valves, because the oscillatiug sy.stem 
has other elastic constants after closing than before. 

A noticeable feature is the different course of the curve accord- 
ing to whether the measurement is taken from the brachial or 
the femoral artery (fig. 10). That the vibration is more pronounced 
in the former than in the latter is probably due to stronger re- 
flection and better conditions for transmission in the brachial 
artery. A lesser reflection in the femoral artery is probable, be- 
cause the vessels in that region are so large that the effect of an 
air chamber becomes more pronounced, which is also shown by 
the experiments under inhalation of amyl nitrite described below. 

As we know', the mean arterial pressure falls during inhalation 
oj amyl nitrite. At the same time the amphtude of the blood 
pressure diminishes, the frequency of the pidse increases and the 
form of the curve alters. With regard to the alteration of the 
curve the statements in the literature differ, probably because 
of the too great inertia of the measuring systems and owdng t,o 
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Fig. 12. 

Pressure variations and mean pressure in 
the brachial artery during inhalation of 
amyl nitrite. 

a) Before inhalation, b) 1.5 min. after 
the beginning of inhalation. Considerable 
decrease of mean and alternating pressure, 
c) 5 min. after cessation of inhalation, 
ilean pressure normal, but the curve of 
the alternating pressure still altered. The 
figures on the curves indicate the values 
of the mean pressure and the pressure 
variations in mm Hg. Time marks 50 ms. 


the different moments dur- 
ing the action of the 
amyl nitrite at which the 
comparisons have been 
made. VoN Kries (1892) 
finds that the dicrotic vibra- 
tion disappears and, in 
contrast to Hoorweg (1890) 
and Tigerstedt (1922), 
takes this as proof of its 
being set up peripherally, 
while other investigators 
(CusHNY, 1925) find that 
the second after-vibration 
becomes more pronounced 
under the effect of amyl 
nitrite. 

In our experiments with 
inhalation of the drug, the 
first of the secondary 
waves in the curve for the 
brachial artery disappears 
entirely, whereas the second 
remains, with the same 
distance in time from the 
beginning of the curve, hut 
apparently with considerably 
greater amplitude (fig. 12). 
The first, sharp secondary 
vibration disappears owing 
to the changed conditions 
of reflection in the peri- 
phery; the highly dilated 
vessels giving onl}’’ slight 
reflection of sharp impulses, 
because the air chamber 
effect is increased (absorp- 
tion). The secondary vibra- 
tion, which is mainly due 
to the summated reflection 
in the arterial system, is 
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not noticeably altered; but the systolic pressure falls more rap- 
idly. owing to the lower peripheral resistance, and is lower at 
the moment when the reflected wave sets in; wherefore it appears 
higher than before the application of amyl nitrite. At the end of 
the experiment, when some of that effect is still present in the 
form of increased pulse rate, while the blood pressure has again 
reached its normal value, the form of the curve is still altered. 
The ve.ssels still offer le.ss resistance to the flow than normally; 
but the heart rate and the minute volume are larger than before 
the action of the amyl nitrite. Lixpharp (1915) and Neukirch 
(1938) found that the minute volume was increased during the 
action of the drug, when the blood pressure was normal. The 
sy.stolic pre.ssure thus falls more rapidly than normally, and the 
reflected wave therefore becomes steadily more apparent. 

The pre,?sure variations in the femoral artery during the ac- 
tion of amyl nitrite are similar to those observed in the brachial 
artery; the fall in pressure becoming more rapid, but sometimes 
not ra])id enough to further accentuate the reflected wave, which 
is already less pronounced here. 

Simultaneous registrations of the electrocardiogram and the 
arterial pressure in the brachial artery during the action of amyl 
nitrite show a variation of the distance in time between the peak 
of the 11 wave and the start of the pressure rise. An increase 
of this di.stancc during inhalation of the drug amounting to as 
much as 40 ms. lias been a.sccrtained. It may be due either to a 
change in the mechanical latency of the heart or, more probably, 
to a chance in the rate of the propagation of the pulse wave. 


Summary. 

X new manometer is described with electric transmission for 
direct mensuration of the intra-arterial pressure in man. It® 
-Static and dynamic sensitivity is .such that all the details of the 
course of the curve are reproduced without distortion, both as 
regards time and amplitude. The pressure variations act on a 
condenser chamber and are registered as changes of capacity. 

As examples of its use experiments are described with .simul- 
taneous registrations of the intra-arterial pressure and the electro- 
cardiogram. and with simultaneous registrations of the pressure.® 
in the brachial and femoral arteries. Besides, the arterial pressure 
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was measured under the effect of amyl nitrite and local occlusion 
distal from the point where the pressure was taken. The various 
components of the pressure curve, and their variations under 
these conditions, are discussed. 

The authors are greatly indebted to Mr. E. Kaiser, Engineer, 
for technical assistance, and to Drs. J. Erost and E. Neukirch 
for assistance rvith the experiments. 
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On tlic Enzymic Hydrolysis of Some Lactones. 

By 

GUNNAR STEENSHOLT, 

Received 1 October 1942. 


The enzymic hydrolysis of ordinary esters lias for many years 
hecn investigated with great thoroughness, and to a certain 
degree of completeness in some directions. As a consequence of 
this a very large body of experimental material has been accumu- 
lated. Now the question rather naturally presents itself, how the 
inner esters, the lactones, behave under enzymic hydrolysis. 
However, this problem has not received much attention in the 
literature. There is a paper by Bam.'\xn and Schmei.lkr (1931) 
on the subject, in which y-valcro lactone, y-butyro lactone, cuma- 
rine and santonine are investigated. Their method was essentially 
the titrimetrical method of Kkaffl-Lenz (1923), with the precau- 
tions as regards indicators which were necessitated by the investi- 
gations by the same authors on the poisoning action of indicator 
dye.s on esterases (1931). The result was that the enzymic hydro- 
lysis was found to be vanishingly small for all the lactones mentio- 
ned above. Furthermore, if one of those lactones was added to a 
reaction mixture containing methyl butyrate, the enzymic hydro- 
ly.sis of the latter c.ster was very considerably decreased. This 
retardation may, according to Bamakn and his collaborators, 
be ascribed to the formation of a rather firmly bound complex 
between esterase and lactone. The results are obviously of great 
interest, .since, if they can be substantiated and genei'alized by 
further work, they would seem to express a general chemical 
property of the esterase molecule, which may perhaps some day 
contribute essentially towards a deeper understanding of esterase 
acitivity. 
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The experimental material so far available on the hydrolys- 
ahility of lactones by esterases is rather meagre, being restricted 
to four cases only, and does not allow of convincing generalizations. 
It was therefore decided to investigate some more lactones, with a 
view to proving that the effects described above are really ex- 
pressing characteristic properties of lactone rings and esterases, 
and arc qualitatively independent of side conditions, as, e. g., the 
presence of other functional groups in the lactone molecule, and 
the hydrogen ion concentration in the reaction mixture (at least 
in the alkaline range). It should also be shown experimentally 
that the results are independent of the particular ester used in 
the retardation experiments. 

We have selected for investigation the following lactones (or 
compounds containing a lactone ring): 


Phtalid (the lactone of 
o-oxy-methyl-benzoic acid) 



.CH„ 


0 


Diflienyl phialid 

/\.. C = (CoH,)3 

0 


Lactone of o-benzhydryl 
benzoic acid 






CH-CcH, 

1 

0 


Benzol phtalid 





CO 


c= OH-OeHs 

I ■ 

0 


4-methyl umbelliferon Cmnarin of a = naphtol 



The method applied was, on account of its simplicity and ra- 
pidity, the titrimetrical one of Knaefl-Lenz (1. c.). As indicators 
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M'G have used brom cresol purple, neutral red and phenol phtalein. 
The first two are recommended by Bamako and Schmeller (1. c.) 
in their investigation on the applicability of the Kkaffl-Lenz 
method. Phenol phtalein was used in order to show that the effects 
observed do not depend qualitative^ on the hydrogen ion con- 
centration of the reaction mixture (at least in the alkaline range), 
or on the nature of the particular dyestuff used as indicator. For 
the same purpose a few experiments were also carried out Avith 
brom thymol blue. 

The results may be briefly summarized as follows; All the 
lactones investigated Avere found to be almost non-hydrolysable 
by the esterases of the liA-er of the pig. Furthermore, Avhen the 
lactones Avere added to an emulgation of tributyrin, the hydrolysis 
of this latter compound was A'ery considerably retarded. The same 
effects AA’ere obtained in a feAv experiments AAith the diethyl esters 
of fumaric and maleic acids. It AA'ould seem justified to conclude 
that both the effects observed, the non-hydrolysability and the 
retardation, are rather general properties of the lu'er esterases. 

A theoretical explanation and interpretation of these findings 
are at present hardly possible, in aucav of our ignorance about the 
chemical constitution of the esterase molecule. It is tempting, 
hoAve\*er, in accordance Avith Bamanx and Schmeller (1. c.) 
to ascribe the effects to the property of the group 

__ C — C 0 


0 — 

of the lactone ring to form particularly firmly bound comiilexes 
with the esterase molecules. 


Experimental part. 

Sjihslratef>. The preparation of the A-arious substrates already men- 
tioned aboA'O Avas carried out as follows; 

Phtalid Avas prepared according to Beissert (1913). 

Diphenyl phtalid was obtained by a Friedel-Crafts reaction according 
to Baeyer (1880). 

o-benzoyl benzoic acid Avas prepared according to Heller and 
ScHULKE (1908), and from this the lactone of benzhydryl benzoic acid 
Avas obtained' following a method of Ullmaxn. 

Benzal phtalid A\'as prepared by the procedure described in Organic 
Hynthesis i.s.io, A\-hich is essentially identical AA’ith the method of 
G.abriel (1885). 
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4-metIiyl umbelliferon and the cumarin of a = naphtol were both 
prepared by the methods described for instance by Simonis (1916b 
th^ are essentially due to von Pechmann and to Bartsch. ’ 

lat’ ^ commercial product, purified by redistil- 


Enzyme solution. The experiments were carried out with a glycerol 
extract from pigs liver. The organ, from a newly killed animal, was 
cut into slices, and forced twice through a meat mill, after which it was 
carefully ground in a mortar with sea sand. It was then extracted with 
glycerol for several hours, and carefully filtered. The extract, when 
stored in the ice box, retained its activity for a fairly long period of 
time. As is well known, these simple solutions have the advantage of a 
low protein content. ° 

The Knaffl-Lenz method is so well known that we shall not describe 
its details here, except to note that care was taken to utilize the results 
of Bamann and Schmeller referred to above. According to these authors 
brom cresol purple and neutral red can be used without in any way 
endangering thf applicability of the method. In some of our experiments 
phenol phtalein was also used. 

All measurements were carried out in the temperature interval 
20° &0.1 C. 

Enzymic hydrolysis of lactones. The experiments were carried out by 
suspending 0.2 g of the lactone in 100 cm of water, and adding the en- 
zyme solution and the indicator. For the latter both brom cresol purple, 
phenol phtalein and neutral red were used. The duration of the experi- 
ments was 1^/2 hours. In no case could any enzymic hydrolysis be de- 
tected. 

Retardation experiments. These experiments were performed by 
suspending or emulgating O .2 g tributyrin in 100 cm® of water, and then 
adding the enzyme solution, the indicator and O.is g of the lactone 
under examination. Comparison experiments without lactone were 
carried out to determine the rate of hydrolysis of tributyrin itself. 
The self-hydrolysis was also determined and taken into account. All 
titrations were carried out with n/lO NaOH, and the duration of the 
experiments was V-f^ hours. The results of typical experiments may be 
summarized in the following table. 


Cm® NaOH added after 1 hours. 


Siibstrate\Indicator 

Brom caesol 
purple 

Phenyl- 

pbtalin 

Neutral i 
. red 1 

Tribatyria 

7.5 

n| 

I 

7.6 

Tributyrin + phtalid 

6.6 


5.9 ; 

» -i- diphenylphtalid . . . 

6.2 


5.7 

» + benzalpbtalid . . . 

> -f lactone of 0 — benz- 

5.9 

7.4 

5.2 

bydryl benzoic acid . • 

» + 4 — methyl — nmbelli- 

4.8 

11.7 

5.0 

feron 

5.2 


5.1 

6.0 1 

> + cumarin of « — napbtol 

5.7 
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It should be clear from this table that qualitatively there can be no 
<loubt about the results. 

Some experiments were also carried out 

a) with both shorter and longer duration of the experiments, 

b) Avith varying relative amounts of enzyme solution, lactone and 
.substrate, 

c) with brom thymol blue as indicator, 
and finally also 

d) Avith the diethyl esters of fumaric and maleic acids as substrates 
instead of tributyrin. 

The results Avere qualitafiAmly the same in all cases, and we 
therefore feel justified in refraining from the reproduction of fur- 
ther numerical data. As regards b) our results were closely similar 
to those found by Bamann and Schmeller (1. c.); by decreasing 
concentrations of the ester, one and the same amount of lactone 
caused increasing retardations of the hydrolysis. 

Since the lactones used are only slighthly soluble in Avater, it 
might be thought that the phenomena obser\md AA^ere at least 
partly due to some adsorption mechanism. To test this point Ave 
carried out some experiments using for instance anthraquinone 
instead of the lactone. No significant differences in the velocity 
of hydrolysis Avere observed in this case, and the conclusion is 
therefore draAvn that Ave are in all probability dealing with a true 
chemical phenomenon. 

The author wishes to express his thanks to Professor E. Biil- 
MANN and Prof. B. Ege for their hospitality. It is also a pleasure to 
thank Lektor St. Veihel for his interest in this Avork and for 
several discussions. 

Summary. 

An inA'estigation is made of the hydrolysis by liAmr esterase of 
.some lactones, which are found to be practically non-hydrolyzable. 
It is further found that these lactones retard the hydrolysis of 
e.sters. The interpretation of these findings is briefly discussed. 
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A Method for Detection and Determination of 
Carbon Monoxide in Coagulated Blood. 

By 

R. WENNESLAND. 

(Received 8 October 1942.) 


In a previous paper (Wennesland 1940) I have described 
a new method for the detection and determination of carbon 
monoxide in blood. Since the publication of the paper ! often 
receive samples of blood for analysis. It happens that the blood 
has coagulated, it may be that he who has taken the sample, is 
not always aware that for analysis of carbon monoxide the bloorl 
ought to be unclotted, or the sample has been taken from a dead 
body. I thought it to be of practical interest if my method could 
be modified for analysis of such coagulated blood. Supported 
by the fact that the colloid contents of plasma did not seem to 
increase the diffusion time of carbon dioxide from plasma to an 
absorbing fluid, as analyses of plasma carbon dioxide showed an 
identical curve for reaction time compared to carbon dioxide 
analyses of a solution of sodium carbonate in water (Wenneslakd 
1941), and by the observation that even when the colloids of the 
blood had been precipitated to form a gel, the diffusion of carbon 
monoxide was as rapid and complete as when no gel was formed 
(Weistnesuajcd 1940), I supposed that perhaps the carbon mo- 
noxide of coagulated blood could also be completely driven out 
by the addition of sulfuric acid, and determined by the principle 
previously described (1940). 

The results of the experiments showed that this was possible, 
and with a slight modification of the method, I am able to tell 
within 5 to 30 minutes after I have received a sample of clotted 



DETECTION AND DETERMINATION OF CARBON MONOXIDE. 77 

blood, whether it contains large or small quantities of carbon 
monoxide, and I can determine quantitatively the contents of 
the gas as rapidly and accurately as in unclotted blood. 

Principle. 

The volume of the clotted blood sample is measured, the clot 
is crushed, and the Avhole sample is distributed in portions into 
Erlenineyer flasks. The carbon monoxide is liberated by con- 
verting the hemoglobin into acid hematin. Each of the flasks 
is connected by means of an airtight rubber cuff with a corres- 
ponding one, Avhich contains a known solution of palladium 
chloride. The carbon monoxide liberated, passes into the palla- 
dium chloride and reduces an equivalent quantity of the latter 
to metallic palladium, which appears as a dark brown metallic 
mirror on the surface. By observing the time which has passed 
from the addition of the acid until the metallic palladium appears, 
and by judging the solidity of the mirror formed, one can roughly 
e.stimate the quantities of carbon monoxide present. 

When reduction has reached a maximum, excessive palladium 
chloride can be determined by a simple iodometric procedure 
<lescribed by the author (1940). Original palladium chloride is 
determined in a blank, and the content of carbon monoxide is 
calculated from the difference. 

Reagents and equipment liaAm been described previously 
(1940). To measure the sample and crush the clot one needs an 
accurately graduated syringe with close fitting piston. 

Procedure. 

When great accuracy is wanted, the blood ought to be handled 
strictly anaerobically. It is poured into the s}’Tinge, the piston is 
set in place, and the volume is read on the gradations of the 
syringe, when all air has been expelled. 

Then the blood is delivered by squeezing it through the tip 
of the syringe in portions of 1 — 2 cc. into an Erlenmeyer flask 
of 50 cc., which contains 2 cc. of distilled water. The clot is thereby 
crushed and finely distributed. 

About 0.5 cc. of 10 per cent sulfuric acid is delivered from a 
burette into the blood — water mixture, and the flask is connected 
as cjuickly as ])ossiblc with the other one, which contains 2 cc. 
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of a 1/100 N solution of palladium chloride. When the rubber cuff 
is moistened with a little water, it glides easily and smoothly 
over the neck of the flasks. The latter are kept in a horizontal 
Ijosition, rolled a little on the table to mix blood and acid, and left 
lying still, or placed in the rotator described by the author (1940). 

Detection of Carbon Monoxide. 

When only detection of carbon monoxide is of interest, e. g. for 
diagnostic purpose, one observes the time wliich passes from the 
addition of sulfuric acid until a metallic mirror is seen on the sur- 
face. A few minutes later the mirror becomes solid, and with a 
little practice one can roughly estimate the contents of carbon 
monoxide by judging the solidity of the mirror formed. 

Eor clinical use I have arranged the observations in Table I. 

The data are identical whether clotted or unclotted blood is 
examined. 

Table 1. 


Detection and Rough Estimation of Carbon Monoxide in Blood. 

About 1 oc. of blood in each set of flasks. All values are approximate, and are 
applicable whether clotted or unclotted blood is examined. Present method. 


Contents of CO 

The flasks were left , 
lying still 

The flasks were rotated 

Vol. per 
cent 



Mirror was 

solid after: 

Mirror visible 
after: 




Minutes 

Minutes 

Minnies 

Minutes 

1 

5 

30 

— 

15-20 

— 

i 3 

10 

20 

25 

10-12 

15-20 

1 4 

20 

15 

20 

10 

15 

8 

40 

12 

15 

8 

10 

12 

60 

9 

10 

6 

10 


Determination of Carbon Monoxide. 

If one also is interested in accm’ate determination of carbon 
monoxide, the reaction must proceed, until the reduction of palla- 
dium chloride has reached a maximum. When the flasks have been 
left lying still, 14 — 18 hours are needed; when rotated, maximum 
occurs after 3 hours. (Author 1940 and Fig. 1 of this paper.) The 
curve of Fig. 1 is seen to be identical with the curves of Fig. 3 of 
the paper of 1940. 
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Fig. 1. Aotil^’Bes of blood for carbon monoxide. 

Empirical curves showing the correlation between analysis values and rotation 

time for clotted blood , and for unclotted samples of the same 

blood . 


When maximum reduction has taken place, the flasks are dis- 
connected, and the further iodometric determination of non- 
reduced palladium chloride is performed as shown previously 
(1940) with a small modification; After addition of 10 cc. of 1/400 N 
potassium iodide into each of the palladium chloride solutions and 
tdgorous shaking, the contents of the flasks are filtered through 
the same white ribbon filter paper into a common clean and dry 
100 cc. Erlenmeyer flask. The common filtrate is shaken to be 
uniform, and gives a mean value of excessive palladium chloride 
after reduction by the carbon monoxide of the whole sample. 

Aliquot portions of 5 cc. are taken and analysed in the ordinary 
way: Oxidation of KI to K.IO3 by excess of bromine, which is 
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removed a minute or two later by 2 cc. of a mixture of 2.5 per cent 
phenol with 2.5 per cent sulfuric acid added from a burette. Iodine 
is liberated from the KIO, by addition of KI in excess, and is ulti- 
mately titrated against 1/200 N solution of sodium thiosulfate. 
The number of cc. of thiosulfate added, gives us the ba of the for- 
mula for calculation, b^ is found by titration of the original 2 cc. 
of palladium chloride solution in the same way, or better by 
titration of a blank, which gives correction for carbon monoxide 
contingently present in the laboratory air enclosed in the flasks. 

The content of carbon monoxide in volume per cent of blood 
is calculated bv the formula: 

CO vol. per cent = {b, — bj) V = (K — bj) F 

h 

F is found by Table V of the paper of 1940, when the concen- 
tration of the thiosulfate has been adjusted against 5 cc. of 1/200 F 
standard solution of potassium iodate, or by the formula therci by 
which F of the table has been calculated, valid for blood samples 
of 1 cc. As the average size of the coagulated blood sample of 
V 

each set of flasks is — cc., where V is the total volume of the sample, 

n the number of flasks in which the sample has been distributed, 

V 

F must be divided by — , and the formula is modified as above. 

Example: By titration of 2 cc. of the palladium chloride solution 
(or by a blank), bi was found to correspond to 2.S5 cc. of thiosulfate 
solution. The clotted blood had a total volume of 3.c cc. and was dis- 
tributed in two sets of flasks. By the final titration of aliquot portions 
of 5 cc. of the common filtrate, bo was found to be 9.45 cc. of thiosulfate. 
For titration of 5 cc. of 1/200 N standard solution of potassium iodate 
5.02 cc. of thiosulfate were required (y = 5 . 02 ), and F was found in 
Table V (1940) to be 2.32. The content of carbon monoxide present 
would be: 

2 

CO = (9.^0 — 2.S5) X 2.32 X — = 8.51 vol. per cent. 

o. 6 

If I thought there might have been any possibility that the 
sample had half of its hemoglobin or more saturated by carbon 
monoxide, I would not have dared to divide 3.6 cc. in two portions 
only, a.s I would have run the risk of having too little palladium 
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chloride for oxidation of all the gas. 2 cc. of 1 /lOO N palladium 
chloride solution are capable of oxidizing 0.224 cc. of carbon 
monoxide (0°C 760 nim Hg.). 

Details. 

The sample of blood may be examined in one portion, by 
using larger flaslcs of 100 cc. and adding 1—2 cc. of 10 per cent 
sulfuric acid. The second flask must contain 2x2 cc. of PdClj, 
or 2x3, 2x4r, etc. depending upon the size of the sample and its 
possible content of carbon monoxide. Corresponding multiples of 
]0 cc. of potassium iodide solution must be added, and n of the 
formula above corresponds to the multiple applied. 

One might expect a longer rotation time when the blood was 
not divided in small portions, but experience showed, that even 
a 5 cc. sample which contained about 7.7 vol. per cent of carbon 
monoxide had reached a maximum after 3 hours (Table 11). As a 
routine procedure I prefer to divide the sample in proper portions 
and distribute it in more flasks. The setting of the flasks is simple 
and quickly done, and my rotator is made for 50 cc. flasks. 

Table 2. 

Analyses of dolled Blood for Carbon Monoxide, 

5 cc. clotted Bamples of the Bame blood ■were analysed undivided in one set of 
flasks. Rotation time varied from 3 to 6 hours. A 1 cc. sample of the same blood 
unclottcd was taken for control. The method of the author in all analyses. 


1 

Rotation time 

1 Contents of CO of tbo 

1 clotted blood 

Contents of CO of control 
sample of nnclotted blood 

Honrs 

i Vol. per cent 

Vol. per cent 

3 

i 7.7. 

7.61 

4 

! 7.C8 


b 

i 7.78 


6 

: 7.80 



The rotator may be driven by an improvised water wheel 
(Author 1941) and may be simplified a little by making the nicks 
so deep and narrow, that they keep the flasks in place without 
any rubber ribbon. 

As to the final titration, I have observed that one some times 
runs the risk of adding too small excess of bromine. It may occur 
when the bromine water is freshly prepared and not completely 
— 'i2^i075. Ada pliys. Scandinav. Vol. 5. 
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saturated, tliat the 3 — 4 drops which I generally use, may be in- 
sufficient. On the other hand it is generally warned against adding 
so much bromine that the excess will form a cloudy precipitate 
with phenol (e. g. Gloss 1931). 

I have added 15 — 20 drops of bromine water without observino 
any disturbing effect of the precipitate. Only the colour change 
of the starch was indistinct when the precipitate was too solid. 
It is advisable to add rather too much than too little bromine. 
With 6 — 7 drops I have never failed. With practice one can judge 
by the brilliant lemon yellow colour whether an adequate excess 
of bromine is present. 


Results. 

I prepared large samples of blood by mixing at random a portion 
of carbon monoxide saturated blood with unsaturated. The sample 
was handled and stored anaerobically in a 50 cc. glass syringe, 
whose tip was provided with a small rubber cap made from a 
short rubber tube, which was closed at the other end by a rod 
(Barcroft and BLa-ldane 1902, Scholander 1938). 

Coagulation was prevented by 0.15 per cent of potassium oxa- 
late. 5 cc. portions were pipetted into small volumetric cylinders 
under a layer of paraffine oil, and to each portion were added, 
equivalent quantities of GaCb. The cylinders were stoppered so 
that no air could enter, and shaken vigorously. Coagulation oc- 
curred after a few minutes. I prepared 4 — 7 clots of each sample, 
and control analyses of 1 cc. of unclotted blood were taken from 
the syringe before, between and after the preparing of the clots. 

The latter were distributed in 3 — 4 flasks and analysed as de- 
scribed. Out of the common filtrate of each clot "were taken 5 
aliquot portions for titration. Each titration was regarded as one 
observation for calculation of the standard deviation. The latter 
was transformed into coefficient of variation (the standard devia- 
tion as per cent of the mean observation). 

The results are seen in Table III. 

The fact that the diffusion of carbon monoxide seems to go as 
rapidly from clotted blood, and can be determined as accurately 
as in unclotted blood, indicates that the present method may be 
applicable for determination of the carbon monoxide contents or 
capacity of tissues. For devices to measure and crush the tissues 
I refer to Scholander (1940 and 1942). 
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Table 8. 

Analyses of Cloiied Blood for Carbon Monoxide. 

5 cc. samples of clotted blood were examined and compared to control analyses 
of 1 cc. of the same blood unclotted. Tbo method of the author applied in all 
analj*8es. The clotted samples wero distributed in 3 — i sets of flasks. 




C 1 0 t t 

e d bloc 

d 

Nnclotted 

blood 


Number of 
clots 

Number of 
titrations 

CO contents 
in vol. per 
cent 

Coefficient of 
variation 

CO contents 
in vol. per 
cent 

Sample I 

Ti 

25 

<.70 

0.9 

7.72 

» 2 

6 

30 

7.66 


7.07 

> 3 

4 

20 

7.61 

1.0 

7.69 

. 4 

t 

a5 

5.4C 

1.0 

5.44 

> r> 

7 

35 

7.18 


7.12 

> 6 

7 

35 

6.48 


6.40 

> 7 

7 

35 

6.85 

1.0 

6.40 

1 Mean of all 
i samples 

43 

215 

6.91 

0.9 

6.91 


Summary. 

The method of the autlior for detection and determination of 
carbon monoxide in blood is modified for analysis of coagulated 
blood. The volume of the blood is measured in a graduated 
sjTinge, and the clot is finely crushed by squeezing the sample out 
through the syringe tip. It is delivered into Erlenmeyer flasks, 
and carbon monoxide is liberated by adding sulfuric acid. The 
flasks vnth blood acid mixture are connected by means of an 
airtight rubber cuff with other flasks, which contain a known 
solution of palladium chloride. 

The carbon monoxide passes into the palladium chloride, and 
a fine dark brown mirror of metallic palladium is seen after 5 to 
30 mim.tes. The reduction of palladium chloride reaches a maxi- 
mum after 3 hours when the flasks are rotated, 14 to 18 hours 
when they are left lying still. Excess of unreduced palladium 
chloride can be determined iodometrically, and the quantity of 
carbon monoxide present is calculated from the difference between 
original and excessive palladium chloride. 
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The method can also be applied as an approximative one for 
detection and rough estimation of carbon monoxide, by observing 
the time elapsed from the addition of the sulfuric acid until the 
mirror of metallic palladium is visible, and by judging the solidity 
of the mirror. 
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tiber die fiebererregende Wirkimg des 
Adrenalins. 

von 


U. S. V. EULER, E. LINDER nnd S.-O. MYRIN. 
Eingereiclit am 10. Oktober 1942. 


Pellacani beobaclitete im Jabre 1879 dass Injektionen von 
Nebennierenextrakten in grosseren Mengen eine Temperafcur- 
senkiing nnd in kleineren Mengen eine Temperatursteigerung an 
Versucbstieren lierbeifiihrten. Diese Befunde sind nachher init 
reinem Adrenalin inehrfacb bestiitigt worden. Bei direkter Applika- 
tion von kleinen Adrenalinmengen im Hirnventrikel fanden 
Jacobj nnd Romer (1912) eine Temperatuxsenkung von 0°.5 C., 
die einige Stunden anhielt. Barbour und Wing (1913) macbten 
abnliche Befunde und nahmen eine direkte Wirkung am Nerven- 
gevrebe.an. Cloeita und Waser (1916) erbielten eine lokale 
Temperatursteigung von 0°.6 im Frontalhirn nacli intravenoser 
Injektion von 0.2 mg sowie auch nach Applikation von 1/15 rag 
Adrenalin in den einen Seitenventrikel. Nacb einigen Minuten 
fing aucb die Darmtemperatur an z’u steigen. Kondo (1919) 
fand keine nennenswerfce Temperaturwirkung von 0.05 — 1 mg 
pro kg Korpergewicbt bei subkutaner, intravenoser oder intra- 
peritonealer Injektion. AVenn dagegen 0.01 — 0.1 mg Adrenalin 
pro kg in einem Seitenventrikel injiciert wurde trat eine Tempera- 
tursteigerung ein die ihr Maximum nacb 2 — 3 Stunden erreicbte. 

Um der Natur und den Bedingungen der Adrenalinwirkung auf 
die Korpertemperatur naber zu kommen, besonders mit Riicksicht 
auf die Bedeutung einer Hyperadrenabnamie bei infektiosem 
Fieber beim Menscben (Euler, 1927) baben wir Versucbe ange- 
stellt, wobei Art der Zufubr, Quantitat und Einwirkungsdauer 
beriicksicbtigt ‘wurden. Auch waren wir bestrebt, deutliche und 
konstante Effekte zu erzeugen, da friibere Untersucber meist 
bescheidene Wirkungen nacbgewiesen baben. 
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Methodisches. 

Als Versuclistiere wurden Kaninchen von 2—2.5 kg bennt7t 
Adrenalinpraparat war die reine Base, die eotwederal 
reicht wurie oder mit der bereclmeien Me^e ' 

Losung gebracht wuxde. In anderen Fallen wurde eine kSfSu T 
von AdrenaKnh.ydrochlorid benutzt (Exadrin, ,>Astra«), obie^d^dn 
Unterschied zwiscben den letzten zu verzeicbnen war. 

Folgende Adnmustrationsformen warden benutzt: a) Subcutane 
Apphkation emer ))TabIette« die von Adrenalin bzw. Adrenalinbydro- 
chlorid und Glukose bereitet wurde, b) subcutane Injection einer^Sus- 
pension der Base in Olivendl oder in 2.5 «/„ Agar, c) Injektionen von 
Adrenalin als Base oder Hydrochlorid in Bingerlosung in den III 
Hirnventnkel. Hierbei wurde in Lokalaniisthesie oder kurzer Ather- 
narkose ein kleines Loch im Schadeldach gebohrt und ein mit Sperr- 
vomchtung yersehene feine Injektionsnadel auf die vorher ausprobierte 
Hohe in der Mittellmie eingefiihrt. d) Injektionen in die Zisterna magna 
dicht unterbalb des Schadels. Als Kontrolle der richtigen Einfiihrnng 
der Nadel wurde das Austreten von blutfreier Zerebrospinalfliissigkeit 
benutzt. ® 

Die Temperaturmessung geschab mit einem kontrollierten Thermo- 
meter der etwa 7 cm lang ins Bektum der Versuchstiere hineingeschoben 
wurde. 


Ergebnisse. 

Normaltemperatoren. 

An drei normalen Kaninchen warden die spontanen Variationen 
der Rektaltemperatur an 4 verscMedenen Tagen zu verschiedeneu 
Zeitpunkten des Tages gemessen. 


Tabelle I. 


8^—9’' 

12^-14^ 

15^—16'' 


39.6 

39.0 

39.9 

39.7 

39.2 

39.C 

39.5 

39.2 

39.1 

39.7 

39.8 

39.6 

39.4 

39.0 

39.4 

39.7 

38.8 

39.4 

39.1 

39.4 

38.S 

39.4 

39.6 

39.6 

39.6 

39.4 

39.8 

39.9 

38.9 

39.6 

39.4 

39.0 

39,0 

39.4 

39.7 

39.7 

39.C 

39.7 

39.9 

39.9 

39.3 

39.0 

39.6 

39.6 

39.4 

39.0 

39.6 

89.4 

39.23 ± 0.09 

39.48 ± 0,06 

39.61 i 0.07 

39.61 ± 0.96 
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Die Werte schwankten somit zwischen 38°. 8 und 39°. 9. Tempera- 
tiiien von 38°. 7 und 40°. 0 wurden jedocli gelegentlich beobaclitet. 
Aus der Tabelle ist ersicbtlich, dass die Morgentemperatnr etwas 
niedriger liegt als die Nacbmittagstemperatux. 

Suboutane Deposition von Adrenalin. 

Die subcutane Einfulirnng aucb von grossen Dosen Adrenalin- 
base (als eine kleine )>Tablette<( mit Glukose) batte keine sichere 
Einwirkung auf die Temperatur. So bewirkte 40 mg der Base eine 
Hocbsttemperatur von 40°. 1, die nacb 6 Stunden gemessen wurde. 
An den folgenden 4 Tagen stieg die Temperatur nicbt iiber 39.° 7. 

Wenn statt dessen Adrenabnbydrocblorid verwendet wurde, 
trat in einem Falle eine Temperatursenkung und nacbfolgender 
Tod innerbalb 18 Stunden naeb 15 mg ein, wahrend in einem Fall 
keine sicbere Wirkung auf die Temperatur zu verzeichnen vrar. 
Die maximale Temperatiu: betrug 40°. 4. Da die preliminaren Ver- 
sucbe somit keine oder nicbt konstante Wukungen aufwiesen, 
^vu^de zu anderen Administrationsformen iibergegangen. 

Subcutane Injection von Adrenalin in Olivenbl Oder Agar. 

Bei dieser Zufuhrart waren die Wirkungen deutbcber. So be- 
wirkte 9 mg Adrenalin als Base in 0.9 ml Olivenol aufgescbwemmt 
zunfichst eine kleine Temperaturerbohung auf 40°. 1 nacb einer 
Viertelstunde. Innerbalb der nacbstfolgenden 2 Stunden erfolgte 
der Tod des Kanincbens. Ein zweites Tier starb nacb derselben 
Menge innerbalb 12 Stunden nacb eiuer vorangebenden Tempera- 
tursenkung. KontroUtiere, die nur 0.8 und 0.9 ml Obvenol sub- 
cutan erbielten, zeigten keine sichere Temperaturvariationen, und 
ebensowenig batten Kontrolbnjektionen von 0.8 ml 2.5 % Agar, 
das in anderen Versuchen als Vehikel verwendet wurde eine Wir- 
kung. 

Tabelle H. 

23.x. 24.x. 



•^SO 

Ills 

14 S 0 

16 S 0 

1700 

1715 

1730 

19=" 

20“ 

•730 

1445 

1900 

I 

39.4 

39.4 

39.6 


39.1 

9 mg Adr. in 0,9 
ml OlivenSl Bubcn- 
tan 

40.1 

+ 





II 

39.1 

39.6 


39.5 


40.0 

38.6 

37.9 

+ 



in 

1 

39.1 

39.5 


39.8 


0,9 ml OlivenSl 
snbkutan 


39.6 

39.6 

39.7 

39.9 

39.9 
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Tabelle QI. 

26.x 27.x 28.x 30.X 



^SO 

1300 

14 S 0 

1.5®“— 16®® 

20 *® 

730 

12 ®® 

14®® 

19®® 

gso jps 1 

I 

39.3 

40.0 

39.9 

4 mg Adr. in 0.8 
ml Olivenol snbkn- 
tan 

37.4 

37.2 

37.6 

37.5 

37.2 

37.6 1 38.8 j 

1 ; 

II 

39.6 

39.6 

39.6 

0.8 ml Olivenol 

39.1 

38.8 

39.0 

38.9 

39.2 

38.8 1 38.9 i 

1 

ni 

39.4 

39.6 

39.2 

4 mg Adr. in 0.8 
ml 2.6 % Agar snb- 
kntan 

36.6 

38.7 

38.9 

39.4 

38.5 

38.2 [ 38.9 

IV 

39.7 

4 O. 0 ! 39.8 

) 

1 

J • ! 

0.8 ml 2.5 % Agar 
snbkntan 

39.6 

39.2 

39.5 

39.4 

39.6! 39.-3 1 39.0 


Mit Dosen. von 4 — 5 mg Adrenalinbase in 0.8 — 2 ml Olivenol 
starb ein Tier am selben Tage und ein Tier am zweiten Tage nacli 
vorangehender Temperatursenkung bis 36°. 8, wahxend die vier 
iibrigen iiberlebten. Eine Temperatursenkung von 1 — 3° trat 
jedocb in alien Fallen ein und Melt noch am zweiten oder sogar 
dritten Tage an. 4 mg Base in Agar ergab nur eine kurze Senkung 
(Tabelle III). 2 mg Base subkutan in Binger batte keine Wirkung 
an drei Tieren. Wenn dieselbe Menge in Olivenol gegeben wiirde, 
trat eine protraMerte schwache Senkung (bis 38°. 4) in zwei von 
vier Fallen ein. Bei subkutaner Darreicbung der Base waren somit 
Temperaturwirkungen nur dann zu beobachten, wenn Olivenol 
als Vebikel verwendet wurde. 


Adrenalmzafuhr in die Zerebrospinalflusaigkeit. 

Da eine zentrale Wirkung des Adrenabns auf die Temperatur- 
regulation sick nicht von der Hand weisen lasst, haben wir Ver- 
suche mit direkter Zufuhr in die Zerebrospinalflussigkeit ange- 
stellt. In einer Versucbsreibe geschah die Injektion in den dritten 
Ventrikel. Es wurde durch mehrere Kontrollversucbe festgestellt, 
dass eine Injektion von dersMben Menge Ringerlosung in dersel- 
ben Hoke keine sickere Wirkung ausiibte, auck fiir den Fall, dass 
die Injektion in die umgebende Blrnsubstanz gelangte, und fer- 
ner dass die Narkose an sick nur eine massige Senkung der Tein- 
peratur zur Folge katte. 
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Die Wirkung war eindeutig und zeigte sick in einer Teinperatur- 
erhohung, sowolil unter Verwendung des Hydrochlorids als 
der Base. Schon mit einer Menge von 0.4 mg der Base wurde eine 
Temperatursteigerung auf 40°. 6 beobachtet, und nacli 1 mg bis 
41°. 3. In einem Falle blieb jedoch die Temperatursteigerung au.s. 
Wenn grossere Mengen der Base, z. B. 5 mg intraventrikular 
gegeben wurden, waren die Wirkungen mchr stiirmisch. Somit 
trat in 2 von 3 Fallen der Tod des Versuchstieres binnen wenigen 
Stunden cin, nacli vorangegangener Temperatursteigerung, die 
in einem Fall den extremen AVert von 43°. 7 C. erreichte. Im diltten 
Fall war der Effekt protrahiert und die Temperatursteigerung 
weniger deutlich (Tabelle IV — VI). 

Audi mit dem Hydroclilorid ergaben sick ahnlicke Besultatc. 
iVit 0.5 mg Hess sick somit in zwei Fallen eine Temperatur- 
steigerung bis liber 41° erzeugen. (Tabelle VII.) 

Tabelle IV. 


15.XI., le.xr. 


! 

1 

J 400 

i6» 

2ic< j 

ll 

igoo 

igso ! Infraventriknliirc Injektion 
i (.in 1 ml Pwinger) 

38.8 

39.2 

39.0 

1 

40.C .1 39.6 

39.1 . 

39.6 15^'' 0,4 mf? Jkise i 


Tabelle V. 

19.1. 20.1. 


[■HI 

m 

4700 

1 

I 7 S 0 ^ 

' 17^'’ ! 

; i 

! 1. 

■ 95 ’ ' 

1 

13‘'’ 

IntraventTiknVaTe Injcklion 

1 (in I ml Ringer) 

39.5 

1 37.5 

j 

! 

1 

.38.f ; 

i 

41.3 

! 1 

i 39.9 ! 

39.6 

! 

1 16 *^ 1 mg Base 



39.5 ' 

39.3 

40.2 

39.4 ! 

39.1 

' 17"® Kontrolle 


Tabelle Yl. 

12.111 13.111 


14®® 

15« 

16” 

16®® 

17®® 

17<®| 

i 

20” 

1, 

»; 

8” 

'■ Intraventriknlare Injektion 
(in 0.5 ml Ringer) 

39.2 

38.5 

38.8 

39.0 

39.2 

39.1 j 

l! 

39.1 , 

40.1 

i 

|15®® 

I 

5 mg Base 

39.5 

38.8 

39.0 

39.7 

40.8, 

41.9' 

43.7.'; 

+ 

••16®® 

> 

. 39.3 


39.4 

39.7 

40.1 

40.7 

•f 

+ 

16®® 





90 


U. S. V. BUIiER, E. LINDER UND S.-O. MYRIN. 
TabeUe TH. 


29.1. 30.1. 


IQOO 

1130 

12W 




20>'> 

goo 

Intraventrikulare Injektion 
(in 0.6 ml Ringer) 

39.0 

38.6 

38.9 

39.9 

40.1 

40.2 

40.0 

38.9 

11®® 0.6 mg Adr. HCI 

39.4 

39.1 

38.7 

38.6 

39.8 

41.1 

40.0 

39.5 

12®® 0.6 mg Adr. HCI 

39.6 


39.7 

39.2 

38.0 

38.4 

39.7 

39.6 

12®® Kontrolle 

39.8 



39.5 

39.2 

40.3 

41.2 

40.3 

12®® 0.5 mg Adr. HCI 


Bei Versuchen dieser Art ist selbstverstandlicli mit der Moglich- 
keit einer warmesticliartigen Wirkung der Injektion zu reclineii 
wegen Verletzungen beim Einstich. Gegen eine solcbe Brklarung 
der Temperatiirsteigerung spricht indessen einmal, dass die Kon- 
trollen mit Injektion von Ringerlosung in der Hegel ohne Tempera- 
turwirkung waren (in einem Pall wurde 40.2° beobacbtet) und 
zweitens, dass' auf feine Nadelstiche selten eine Hjrperpyrcxie 
folgt, auch wenn sie in der typiscben Gegend der "Warmesticher- 
zeugung treffen (F. Bbuman, 1941). Die Ergebnisse stehen auch 
mit denen von anderen Untersuchern (Cloetta und Waser, 
1916, Kondo, 1919) in Einklang. 

In weiteren Versuchen wurde gepriift, ob sich auch bei intra- 
zisternaler Injektion Temperatursteigerung erzeugen Hess. Dies 
war tatsachUch der Fall, sowohl bei Verwendung des Hydrochlo- 
rids wie der Base. Der Effekt war wie erwartet in hohem Grade 
von der Dosis abhangig.,Ein Beispiel der Wirkung von Injektion 
einer Suspension von 2 mg AdrenaHnbase in 0.5 ml Ringerlosung 
wird unten in der Fig, 1 a veranschaulicht. 



Fig. 1 a. Kaninchen. Rektaltempera- 
tur nach intrazistemaler Injektionen 
von 2 mg Adrenalinbase in 0.5 ml 
Ringerlosung, bzw. 0.5 ml Ringerlos- 
ung allein (Kontrolle). 



Fig. 1 b. Intrazistemale Injektion von 
0.1, 1, 2 und 5 E. Vasopressin. Ab- 
Bzisse: Zeit in Stunden nach der In- 
jektion. 
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Die Ergebnisse samtlicber intrazisternalen Injektionen der Base 
und des Hydrochlorids -werden unten mitgeteilt. 


TabeUe Tin. 

Inirazisternale Injekiion von Adrenalinbase. 


1 

1 

1 Menge 

i 

1 

t 

Hcktaltempcratur 

=C. 

vor 

ca. 2 Stunden 
nach 

16 — 18 St. nach. 
d. Injektion 

’ 

0.3 mg . . 

38.S 

40.0 

39.1 

1 . . . 

37.8 

40.4 

38.9 

i 1 * . . 

38.4 

41.0 

39.0 

; 1—2 ♦ . . 

39*7 

41.8 

38.6 


39.8 

41.G 

39.2 

i 2 * . . 

38.8 

42.5 

t 

■ 2 * . . 

39.4 

41.9 

38.0 

j 2 . . . 

39.1 

42.8 

35.5(t)' 

; 2 » . . 

38.<.) 

43.1 

t 

• o * , . 

39.7 

42.2 

39.3 

> 4 » . . 

39.0 

42.2 

34.9 


Tabello IX. 


Intrazisternale InjeMton von Adrenalinhpdrochlorid. 



R ektal temp era tur 

’C. 

Menge 

vor 

ca. 2 Stunden 

16 — 18 St. nach 


nach 

d. Injektion 

0.02 mg . . . 

39.2 

39.7 

39.7 

0.05 » . . . 

39.2 

39.1 

39.1 

0.05 • . . . 

39.4 

39.0 

39.0 

0.05 » . . . 

39.3 

39.0 

38.7 

0.1 » . . . 

39.1 

40.4 

38.8 

0.1 » . . . 

.39.8 

41.3 

39.8 

0.1 » . . . 

38.S 

37.4 

38.8 

0.1 » . . . 

39.1 

39.5 

39.4 

0.2 » . . . 

39.0 

^ 37.0 

39.7 

0.2 * . . . 

38.9 

40.3 

39.8 

0.3 » . . . 

39.5 

37.3 

35.3 

0.5 » , . . 

39.1 

1 37.S 

35.7 


‘ Starb am folgenden Tag. 
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Aus der Tabelle VIII ist ersichtlich, dass die Wirkung der Adre- 
nalinbase auf die Kdrpertemperatur des Kaninchens sehr aiisge- 
sprochen sein kann. Mit Dosen unter 1 mg ist die Wirkunw im- 
sicher, aber scbon mit 1 und nock mehr mit 2 mg wird eine macli- 
tige Steigerung beobachtet. Das Maximum tritt nack etwa 2 
Stunden ein und nackker fallt die Temperatur allraaklick al). In 
vier Fallen sank die Temperatur unter den Anfangswert und in 
drei Fallen ging das Tier ein. Mit 4 mg war die postpyretische 
Temperatursenkung sekr ausgesprocken und liielt nock 3 Tage an. 
In samtlicken Fallen zeigten die Tiere mit Temperatursteigerung 
eine ausgesprochene Polypnoe sowie motoriscke IJnruke, wie auck 
friihere Untersucker beobacktet kabeu (Hashimoto, 1915). Die 
temperatursteigernde Wirkung des Hydrocklorides war, wie die 
Tabelle IX zeigt, weniger deutlich. Nur in einem Fall (nack 0.1 mg) 
iiberstieg die Temperatur 41°. Andererseits wurden mit Dosen von 
0.1 mg an sickere Temperatursenkungen beobacktet, die nack 
0.3 — 0.5 mg sekr ausgesprocken waren. 

Da die Base in Ringer als eine Suspension vorliegt, kaben wir 
entsprechende Suspensionen von Kaolin in Ringerlosung injiziert. 
Die Temperatureffekte waren hierbei sekr unbedeutend und deck- 
ten sick etwa mit denen von alleiniger Ringerinjektion. Wenn 
grossere Kaolinmengen injiciert wurden, (etwa 50 mg) trat in 
einem Fall eine betracktlicke Senkung der Temperatur ein. 

Es sckien uns ferner von Intresse zu unteisucken, in welchem 
^lasse die Suspension von Adrenalinbase gelostes Adrenalin liefert. 
Die Suspension wui'de mit menscklicker Zerebrospinalfliissigkeit 
Oder bikarbonatfreier Ringerlosung bereitet, (2 mg in 1 ml), und 
bei 38° gehalten. Der AdrenaUngekalt der sick bald rot bis gellt 
farbenden Losung (pH 7) wurde gegen Adrenalinhydrocklorid 
als Standard auf Kaninckendarm oder Katzenblutdruck biolo- 
gisch gepriift. Die gefundenen V/erte werden unten mitgeteilt 
(Tabelle VITI). 

Tabelle X. 


Z e i t Gelostes Adrenalin, mg pro ml (ans 2 mg). ■ 


5' 

0.O6 




15' 

j 0.38 




30' 


0.3 



45' . . • .... 

0.G3 

O.G 


0.5 

90' 

1 

! 

0.8 

t 

0.75 

120' ! 

0.38 

1.0 

1.25 
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Die erste Spalte bezieht sicb auf einen Versuch, wo die Losung 
vor jeder Priifimg abzontrifugiert wurde und eine neue Q.uautitat 
Xosuiigsmittel Mnzugesetzt wurde. Die Zablen stellen die sum- 
nuerten 'Werte dar und sind mit denjenigen in den folgenden 
Spalten direkt vergleicbbar, wo‘ der Gehalt- in der Losung zu ver- 
schiedenen Zeiten bestimmt wurde. 

Aus den A^'ersucben geht hervor, dass die Adrenalinbase fort- 
laulend Adrenalin in Losung abgibfc. Erneute Priifung der abzen- 
trifugierten Losungen am folgenden Tage zeigte keine morkliche 
Abscbwacbung. 


Intrazlsternale Injektionen von Vasopressin. 

Da die starke temperatiu’senkende "Wirkung grosserer Adrena- 
lindosen einen vasomotoriscb bedingten Effekt vermuten lasst, 
(cerebrale Ischamie) baben wir einige Versuche mit dem gefass- 
■verengenden Stoff des Hypophysenbinterlappens angestellt. Die 
Ergebnisse Avaren ganz eindeutig rmd zeigten bei intrazisternaler 
Darreicbung von 1 E. eine Temperatursenkung bis 35° und nach 
2 E. bis unter 32° (Eig. 1. b). Bei der letzterwabnten Dosis starb das 
•Yersucbstier -nach 3 Stunden. 5 E. Vasopressin fiibrten den Tod 
des Tieres fast uamittelbar herbei. Mit einer Dosis von 0.1 E. war 
die Temperaturwirkung unsicher. Eine Temperatursenkung nach 
Hypophy.senhinterlappenextrakt fanden schon Jaoobj und R6- 
MER (1912). Diese Ergebnisse stiitzen die Ansicht, dass hohere 
Dosen von gefassverengenden Stoffen eine zerebrale Ischamie 
verursachen, die mit einer allgemeinen Lahmung zerebraler 
Eunktioncn einhergeht. 

Ergotaxnmhemmung der Adrenalinwirkung bei intrazisternaler 

Injektion. 

Eine Aufhebimg der temperatixrsteigernden Wirkuug A'on in- 
trazisternal zugefiihrtem Adrenalin konnte mit Ergotamin (Gyner- 
gen Sandoz) erzeugt werden, wobei die letzterwahnte Substanz 
ebenfalls intrazisternal gegeben wurde. 

Mit 0. i mg Ergotamin und 2 mg Adrenalinbase stieg die Tem- 
peratur bis 42.1°, also etwa auf die gewohnliche Hohe. Nach 0.25 
mg Ergotamin anderseits Avurde keine Steigerung beobachtet 
sondern nur eine Senkung, die vom Tod des Versuchstieres gefolgt 
war. Eine ahnliche antagonistische Wirkung von Ergotoxin auf 
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das Adrenalinfieber ist von Doblin nnd Fleischmann (1913) 
bebbacMet worden. Rigler nnd Silberstern (1927) fanden, dass 
Ergotamin nnd Ergotoxin an sicb die Korpertemperatur herabr 
setzten, besonders bei subduraler Darre.icbung. 


Besprechnng. 

In tibereinstimmung mit fruberen Untersuclxern haben x\'ir bei 
subcutaner Zufuhr von Adrenalin in kleinen Dosen in einzelnen 
Fallen eine leicbte Temperatursteigerung des Kaninchens beob- 
acbtet. Grossere Mengen ergaben regelmassig eine Temperatur- 
senlning. Wnxde statt dessen das Adrenabn in die Zerebrospinal- 
fliissigkeit injiziert, trat mit geeigneten Dosen eine viol starkere 
Temperatursteigerung ein, die 43.° 7 C. erreichen konnte. Beson- 
ders nacli Injektion einer Suspension der Base trat eine betracht- 
liche Hyperpyrexie ein, die mit Adrenalin friiher nicht beobachtet 
zu sein scbeint. Der Grund fiir die starkere Wirkung bei Zufuhr 
der Base diirfte darin zu suchen sain, dass hierbei eine ge\\i8se 
Depotvirkung zur Auswirkung gelangt, d. h. kleine Mengen 
werden fortlaufend abgegeben, etwa wie man sich bei erhohter 
Abgabe im Kbrper denken konnte. Der Hauptangriffsort der 
Adrenalinwirkung ist zveifelsohne zentral, ■wobei es zunachst 
unentscbieden bleibt, ob die Wirkung iiber die Gefasse, oder direkt 
an den nervbsen Elementen erfolgt. Besonders bei den hoheron, 
temperatuxsenkenden Dosen diirfte eine Gefasswirkung (Kon- 
traktion — Ischamie) mit in Reclmung bezogen xverden, was 
durch die Yersxiche mit Hypophysenhinterlappenhormon gestiitzt 
wird. Die Adrenalinapnoe (Roberts, 1910) und sekundiire Blut- 
drucksenkung an Kaninchen Cyan Leersum, 1909, Euler, 
1938 a) sprechen in derselben Richtung. 

Fiir das Zustandekommen der Temperatursteigerung ist wie 
bei anderen Fieberzustanden mit einer gcstorten Warmercgu- 
lation zu rechnen. Die erhohte vasomotorische Aktivitiit (Kon- 
traktion der Ohrgefasse) sowie die motorisohe Unruhe sind den 
Symptomen des »Schiittelfrostes« bei infektioseii und anderen 
Fieberzustanden. ahnlich. Uber die Bezieliungen zwischen Hyper- 
adrenalinamie und Fieber (Euler, 1927) haben unsere Versuche 
insofern Aufschluss geliefert, als sio zeigen konnten, dass die 
erste ■wahrscheinlich nicht fiir eine Hyperpyrexie verantwortlich 
sein kann, da bei extrazerebraler Zufuhr von Adrenalin nur mas- 
sige Temperatnrsteigerungen im Vergleicb mit denjenigen bei 
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zentralor Applikation beobaclitet wurden. Pyretisch wirksame 
Stoffe konnen anderseits einen Sympatbicusreiz und Adreaalin- 
ausschwemmung bewirken. 

Der Angriffsort des Adrenalins im Gebirn ist nicbt bekannt. 
Wie bei den sebr ausgesprochenen Wirknngen kleiner K-inengen 
infcrazisternal, (Euler, 1938 b) diirfte fiir das Adrenabn gelten, 
dass das reaktive Gewebe ziemlicb oberflacblicb in der Venirikel- 
wand des Gebirns liegt. AVas den AVirkungsmecbanismus des 
Adrenalins anbetrifft, wenn man eine Aktivierung bestimmter 
nervoser Strukturen annimrnt, so ist man wenig nnterricbtet. 
Adrenabn scheint nicbt wie z. B. Azetylcbobn allgemein sjmapto- 
trop zn Avirken, obwohl gewisse Beobachtungen fiir eine bedent- 
same Kobe des Adrenalins bei der tlberfiihrung von neuro- 
muskularen Erregungen und von der Ubertragung im Neuron 
selbst sprecben (Bjuestedt und Euler, 1939, Bulbrtng und 
Burn, 1939). Nach EUas (1939) vermindert Adrenabn bei intra- 
zisternaler Injektion den Acetylchobngebalt des Hirnstammes 
beim Kaninchen, wesbalb auf eine zentrale AVirkung geschlossen 
wird. 

Eine interessante AAbrkung an der Netzhaut bat Therman be- 
scbrieben (1934), indem er u. a. eine starke Aktivierung der c-AVelle 
des Elektroretinogramm nach Adrenabn beobachtete. 


Znsammcnfassung. 

Intraventrikulare oder intrazisternale Injektion von Adrenabn- 
hydrochlorid an Kaninchen erhoht die Ivorpertemperatur in 
Dosen von 0.1 — 0.2 mg mit 1 — 2° C. Bei A^erwendung einer Sus- 
pension der Base in Kingerlosung in Dosen von etwa 2 mg traten 
%nel starkere Teraperatursteigerungen auf (bis 43°. 7). 

Eine bochgradige Tempcratursenkung crfolgte mit grosseren 
Adrenalindosen und trat ebenfalls mit A’'asopressin ein, was als 
Eolge zerebraler Ischamie und Labmung gedeutet wird. 

Ergotarain verbinderte bei intrazisternaler Darreichung in 
Dosen von 0.12 mg pro kg die tcmperatursteigernde AAbrkung 
de.s Adrenalins. 
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Different methods for preparation of prothrombin-containing 
solutions are known (cf. the review bj Wohlisch (19i0)), but po- 
tent preparations have been made only by J. Mellanby (1930) 
and Seegers, S.mith, "Warner and Brinkhous (1938). Now we 
have tried to convert our method for preparation of thrombin 
(Astpmp and Darling (1940, 1941)) into a method for preparation 
of protlirombin. 

As a unit for prothrombin (P. T. U.) we have chosen the amount 
of prothrombin which yields one unit of thrombin (T. U.), when 
fully converted into thrombin by the addition of thromboldnase 
(thromboplastin) and calcium ions. The potency of thrombin is 
defined and its measurement carried out as described recently by 
Astrub and Darling (1942 b). 


Preparation of Protlirombin. 

The prothrombin solution is made from oxalated plasma according to 
the method of Mellanby (1930) as described in our preparation of 
thrombin (Astexu? and Darling (1940, 1941)). The prothrombin- 
containing Mellanby fibrinogen resulting from 10 liters of plasma is 
dissolved at neutral reaction in 1,500 ml of physiological NaCl heated 
to 37° and containing 0. 3 per cent of potassium oxalate. From the solu- 
tion obtained fibrinogen is removed after Mellanby (1909) by adding 
a small amount of a thrombin solution (about 1,500 T. U. in 50 ml) 

7 — f24075. Ada phys. Scandinav. Vol. 5. 
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After removal of the fibrin formed a solution containing from 8,000 to 
20,000 P. T. TJ. per liter is obtained. This solution, Po. is very unstable 
and loses its prothrombin content in two to six hours. This property 
appears to be due to proteases present in the solution (see below). 

The solution Pq is diluted with 15 volumes of distilled water and one 
per cent acetic acid added to a pH of 5. so (about 50 ml). The precipitate 
is removed by centrifugation and treated several times with acetone. 
After treatment with ether it is dried in the air. Yield: 20 — 35 g of a 

white powder, Pj, containing from 
40 to 60 per cent of the prothrombin 
present in Pn. 

While the activity of Po was 
about 85 P. T. TJ. per mg of nitrogen, 
the activity of P^ is about 175 
P. T. U. per mg of N, and one g 
of dry powder contains about 
1,600 P. T. U. 

Por measurement of the potency 
1.0 ml of a prothrombin solution 
is activated by adding O.i ml of a 
thromboldnase prepared from ox 
lung as described earlier (Astrdp, 
and Darling (1942 a)) or, most 
often, with a lonase prepared by 
making a suspension of ox brain 
(as will be described in a sub- 
sequent paper). After further addi- 
Pig. 1. Activation of prothrombin tion of 0.1 ml of 1.6 per cent 
by addition of thrombokinase and (JaClg, sicc, the mixture is placed 

in a water bath at 37°. The course 
of the activation process is followed 
by determining as usual the thrombin formed. As a rule the 
prothrombin has imdergone total activation in about 10 to 30 minutes. 
For the measurement samples on O.io ml of the solution, which is 
undergoing activation, are used. The amount of units found must 
be multiplied by 12 to give the amount of P. T. U. in one ml of the 
original prothrombin solution. Fig. 1 shows two typical examples of 
the activation process. Solutions of Pi are used. 

Properties of the Prothrombin Pi. 

The properties of Pi were investigated in order to find a method 
for purification, but although several different methods were tried, 
it has not yet been possible to devise a satisfactory purification 
method. Prothrombin seems to be more unstable than thrombin, 
and especially it has been impossible to remove the accompanying 
proteases from the prothrombin solutions. 
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At first different solutions for extraction of the prothrombin 
from the dry ■were tried. 0.5 g -was treated -with 16 ml of the 
solvent for one hour and the potency of the resulting extract 
measured after adjusting the pH to 7.0. The results are recorded 
in Table 1. If necessary the solution is added NaOH until neutral 
reaction. 

Table 1. 


Solvent 


P. T.U. 
per ml 


Phj'siol. XnCl 22 

1-m XnCl 0 

O.l-m NaAc 22 

0.33-m NaAc 33 

]-m Isa.\c 43 

1 per cent p 3 Tidinc 16 


According to this result all the subsequent measurements and 
experiments iverc carried out with 1-m sodium acetate as solvent. 


On examination of 
the precipitability of Po 
and Pi with addition 
of ammonium sulphate 
according to Sch.mitz 
(1933) the curves shown 
in Fig. 2 were obtained. 

From these curves it 
is seen that both P<, and 
P, show a considerable 
content of globulin but 
only small amounts of 
albumin. Prothrombin 
therefore seems to be a 
globulin, while it has 
already been pointed 
out (Astrup and Dar- 
ling (1940, 1941)) that 
thrombin is an albumin. 
From the curves it is 
also seen that further 
purification by precipi- 
tation with ammonium 
sulphate does not seem 



Fig. 2. Ammonium Bulphatc precipitation curves 
' of prothrombin solutions. 
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promising, which, is contrary to the purification of thrombin, where 
it was possible in this marmer to remove inactive globulins from 
the active albumin fraction. The conversion of prothrombin into 
thrombin by means of thrombokinase and calcium ions therefore 
seems to be a formation of an albumin from a globulin. It has been 
mentioned previously (Astrdp (1941 a)) that thrombin seems to 
be a protein of rather low molecular weight as in contrast to pro- 
thrombin it passes slowly through cellophane membranes. It does 
not contain phosphorus and cannot therefore consist of a com- 
bination between prothrombin and the phosphorus-containing 
thrombokinase. It seems more likely that a globulin, prothrombin, 
is converted to a smaller albumin molecule, i. e. thrombin, by the 
action of thrombokinase and calcium ions. The formation of throm- 
bin may probably be looked upon as a proteolytic process, which 
is very well in accordance with the activation of prothrombin into 
thrombin by means of trypsin (Eagle (1937), Ferguson and 
Erickson (1939)). 

Recently we have succeeded in demonstrating this transforma- 
tion directly by making use of ammonium sulphate precipitation 
curves of prothrombin solutions before and after activation with 
thrombokinase and calcium ions (Astrup and Darling (1942 c)). 
Both by using thrombokinase prepared from ox brain and from 
ox lung it was possible to show the presence of a small amount of 
albumin after the activation, while the solution mthout addition 
of thrombokinase showed only globulin character. In order defi- 
nitely to settle this question it will be necessary, however, to ob- 
tain still more purified prothrombin solutions, as only a small 
fraction of the globulins in the present preparations consists of 
pure prothrombin and can be transformed into thrombin. 

For this purpose different methods were tried, especially such ad- 
sorption processes as described by Seegers,, Smith, Warner & Brink- 
Hous (1938), but in no case was it possible to exclude the contamination 
with proteases which inactivate the prothrombin solutions in the course 
of a few hours and therefore make the handling and investigation of the 
solutions very difficult. It was therefore found necessa^ to postpone 
further purification experiments until it was found possible ta prepare 
better starting materials than solutions prepared after our thrombin 
method. The better results with the purification of thrombin may be 
due to its properties as an albumin. The original methods of Mellanby 
(1930) and Seegers, Smith, Warner & Brinkhous (1938) are incon- 
venient for practical purposes- when- larger ■ amounts are wanted, but 
they seem to give more stable and easily purified products. In a solu- 
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tion of Mellanby fibrinogen prepared in tbe same manner from chicken 
plasma, tbe prothrombin is much more stable than that obtained by 
using ox plasma (Asteup (1911 b)). 

However, the Iowa workers themselves have found an inactivation 
of prothrombin solutions (Mertz, Seegers and Smith (1939)), but only 
in the presence of thrombin, and they are of the opinion that thrombin 
itself is the substance responsible for the inactivation. It may be due, 
however, to activation of proteases, as it is well known that proteases 
are present in plasma in inactive form. They may probably be activ- 
ated in the same manner as prothrombin and are therefore found in 
the thrombin solutions. Hudemann (1910) has shown that it is possible 
to differentiate between the clotting and the fibrmolytic action of 
thrombin preparations, and that the last-mentioned property must be 
due to contamination with a proteolytic en 2 yme. Further, Ferguson 
( 1911) has shown that it is possible to prepare purified solutions of 
prothrombin and thrombin which are stable when mixed. He also is of 
the opinion that the trouble is caused by proteases. Collingwooi) and 
hlAC IIahon (1913) seem to have been the first to observe a deterioration 
of prothrombin and they postulate the presence of an “antiprothrombin” 
in plasma which must not be confused with heparin, the antiprothrom- 
bin of Howell. They demonstrate it in hlELLANBY-precipitated pro- 
thrombin after removal of fibrinogen by means of thrombin., i. e. just 
in the same maimer as in our experiments. The antiprothrombic action 
in their case therefore seems to be due to the same substances as those 
here in question. 

By heating to 56° for 10 minutes at neutral reaction the pro- 
thrombin is almost totally destroyed (cf. Seegers (1910)). 


Summary. 


1. A unit for prothrombin (P. T. U.) is defined as the amount 
of prothrombin which by total activation yields one umt of 
thrombin. 

2. Prothrombin is prepared from ox plasma. It seems to be a 
protein of globulin character. 

3. The transformation of prothrombin into thrombin seems to 
be a conversion of a globulin into an albumin. 


This work was aided by grants from “Danmarks tekniske Hoj- 
skoles Fond for teknisk Hemi’^ and from “Lovens kenuske'Fabrik”> . 
Copenhagen. 
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A Note on the Cis-trans Specificity 
of Liyer Esterase. 

By 
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The problem of specificity is of major importance in the inves- 
tigation of any enzyme. This is due to the fact that the specificity 
properties of an enzyme may be expected to afford a valuable clue 
to the understanding of its chemical nature and biological func- 
tion. A very large amount of experimental work has consequently 
been done on this problem for practically every known enzyme, 
the substrates of which exhibit the property of isomerism. The 
interest has thereby been confined almost exclusively to optical 
specificity, which is probably also the most important specificity 
property met with so far in enzyme chemistry. However, for cer- 
tain enzymes the question of the existence of other types of spe- 
cificity may arise. This is especially the case for the esterases, and 
in particular the lipases, where a large number of possible sub- 
strates exist, which possess the property of cis-trans isomerism. 
The problem is, then, whether the esterases show a corresponding 
cis-trans specificity. 

The question of the existence of a cis-trans specificity for ester- 
ases has already been raised in the literature (Nord and Wbiden- 
hagen, 1939). Beyond this, however, it does not seem to have 
received much attention, and a complete answer to the question 
is nowhere to be found. There is a very interesting paper by 
Fabisch (1931), in which, among other things, the esterification 
of fumaric and maleic acid under the action of pancreas lipase is 
investigated. The discussion is, however, exclusively confined to 
the synthesising properties of the enzyme. McGinty and Lewis 
(1926) in the course of their work on the enzymic hydrolysis of 
esters of dicarbonic acids also more incidentally investigated the 
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ethyl esters of fumaric and maleic acids; this is the only reference 
to experimental work on the problem which we have been able to 
find. These authors find that ethyl fumarate is hydrolyzed con- 
siderably more rapidly than ethyl maleate; the latter substrate is 
attacked by the enzyme only with a certain difficulty. They worked 
with glycerol extracts of the liver of the pig, and determined 
the hydrolysis titrimetrically by adding alkali after the lapse of, 
say, i/o, 1, ®/ 2 , . . . hours. This procedure suffers from a rather 
serious drawback, namely the greatly changing hydrogen ion con- 
centration in the reaction mixture. This circumstance may strongly 
influence the result, and it is therefore necessary to reinvestigate 
the problem with methods which do not suffer from this defect. 

The present work was begun and carried through independently 
of that of McGinty and Lewis, whose paper did not come into 
our hands until after the measurements were completed. To follow 
conveniently the progress of the hydrolysis the well knoivn titri- 
metrical method of Knaeel-Lenz (1923) was applied, which is 
very simple and convenient and, when properly carried out, en- 
sures a fairly constant hydrogen ion concentration during the ex- 
periment. However, the choice of indicator is, in view of the work 
of Bamajtn and Schmeller (1931), a matter of great importance. 
In a careful investigation these authors have shown that several 
commonly used indicators exert a more or less strongly restraining 
influence on the enzymic process, and at sufficiently high concen- 
trations their use may lead to completely erroneous results. To 
avoid this difficulty one has to work with as low concentrations of 
the indicator dye as possible and, of course, to choose the right 
dye. There are only a few indicators available which are suitable 
for use in our particular problem. Fortunately, Bamann and 
Schmeller succeeded in showing that brom cresol purple and 
neutral red are without any perceptible influence on the enzymic 
hydrolysis, at any rate as long as they are present in sufficiently 
low concentrations, and these maximal concentrations were shown 
to be high enough to allow of good colour reactions. These indica- 
tors can therefore be used with confidence, and they have conse- 
quently been applied in the present series of measurements. How- 
ever, in some experiments phenolphtalein and brom th3dnol blue 
were also used, in order to show that the qualitative nature ot tne 
results is independent of the particular indicator used, and of the 
hydrogen ion concentration of tne rpaction mixture (at any rate 
for the alkaline range). 
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The substrates used were the diethyl esters of fumaric and 
maleic acids: 

HC-COOH HG-COOH 

II 11 

HOOC-CH HC-COOH 

Fumaric acid (trans form) Maleic acid (cis form) 

and the ethyl esters of elaidic and oleic acids: 

HC-(CH,),COOH 

CH3(CH2),CH = CH • (CH,),COOH |i 

HC • (CHj.),CH3 

Elaidic acid (trans form) Oleic acid (cis form) 

The general results obtained may be briefly summarized in the 
statement that ethyl fumarate is hydrolysed considerably faster 
than ethyl maleate. For the other two geometrical isomers the 
velocity of the enzymic process is much smaller and no noticeable 
difference between them was observed with certainty. In other 
words the effect is very pronounced in the former case and prac- 
tically absent in the latter (the differences observed being here 
within the limits of error). 

The exact interpretation and explanation of these findings are 
at present necessarily somewhat uncertain, in the absence of any 
deeper insight into the mechanism of enzymic hydrolysis and the 
chemical constitution of the esterases. Briefly the results may 
perhaps be expressed by saying that in the trans form (ethyl 
fumarate) both ester groups are attacked more or less simul- 
taneously, while in the cis form (ethyl maleate) a simultaneous 
attack on the ester groups is made difficult or even impossible. 
This may again be linked up with the electrochemical nature of 
the carboxyl and ester groups, and their mutual interaction, which 
is certainly different in -the trans and the cis form (Bamann and 
Bendler 1935). In the other example of geometrical isomerism 
investigated here, no such mutual interaction between carboxyl 
and ester groups takes place, and the position (cis or trans) of the 
more or less electrically neutral CH 3 (CH 2)7 • CH-group relative to 
the carboxyl or ester group may be assumed to be rather irrele- 
vant. It should be stressed, however, that attempts of this kind 
at a theoretical explanation are, in view of what has just been 
said about the incompleteness of our present knowledge, of a very 
tentative nature. 
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Experimental part. 

Substrates. Ethyl fumarate and ethyl maleate were synthesised ac- 
cording to the method described in Organic Synthesis 10, 48 The 
esters were purified by redistiUation. The same method was applied to 
the ethyl esters of oleic and elaidic acid; in this latter case the ^stilla- 
tions were carried out under diminished pressure. 

Enzyme solution. The measurements were carried out using a glycerol 
extract from pig’s liver. As is well known these extracts have the ad- 
vantage of a low protein content, and when properly stored in the ice- 
box they retam their activity for a considerable time. A part of the 
liver was cut into pieces and forced twice through a meat mill. It was 
then carefully ground with sea sand, after which it was extracted for 
several hours with glycerol and finally filtered carefully. 

The Knaffl-Lenz method is so well known that we can safely refrain 
from a closer description of it. In all cases here recorded the experi- 
ments were carried out with 0.3 g of the ester suspended or emulgated 
by thoroughly shaking it with 100 cm® of water. The enzyme solution 
and the indicator were then added, and the continuous titrations car- 
ried out with n/10 NaOH or n/40 NaOH. To ensure comparable condi- 
tions the same amount of indicator and the same amount of enzyme 
solution were used in each measurement. As regards the dosage of the 
indicators care was taken to utilize the results of Bamann and Schmel- 
LER discussed above in order to minimiz e as much as possible the in- 
fluence of the dyes on the enzymic process. Furthermore, in the tables 
given below, the values measured have been corrected for the self- 
hydrolysis of the esters, which was determined in separate experiments. 
.dJl measurements were carried out at a temperature of 20° ±0.i C. 

Table I contains the results for ethyl fumarate and ethyl maleate, 
and Table II the results for the ethyl esters of elaidic and oleic acids. 

Each measurement was performed twice, the results differing from 
each other by not more than 5 — 6 percent. 

Experiments were also carried out over both shorter and longer pe- 
riods of time and with varying amounts of ester and enzyme solution. 
We refrain from reproducing all these measurements here, and confiae 
ourselves to the above results, which are typical. 


Table I. 

(7/n® NaOH added after 1 hour. 


Indication 

Brom cresol 
purple 

Phenol 

phtalein 

Brom 

thymol Blue 

Neutral red 

Ethyl fnmarate . 

4.5 

11.4 

. 9.1 

9.4 

Ethyl maleate . 

3.9 

8.4 

7.4 

7.4 
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Table 11. 

7J. 

Cm® — - NaOE added after 1 hour. 


Indication 

Brom cresol 
purple 

Phenol 

phtalein 

Brom 

thymol Blue 

Neutral red 

Ethyl elaidatc . . 

3.1 

5.9 

4.0 

2.9 

Ethyl oleate . . 

3.0 

5.7 

4.0 

2.8 


The author expresses his best thanks to Prof. E. Biiljiann and 
Prof. E. Ege for their hospitality. It is also a pleasure for him to 
express his thanks to Lektor St. Veibel for the interest he has 
taken in the present work and for several discussions. 


Summary. 

An investigation is made of the hydrolysis by liver esterase of 
the ethyl esters of fumaric and maleic acid, and of oleic and elaidic 
acid. It is found that in the former case the reaction velocity is 
considerably higher for ethyl fumar ate than for ethyl maleate. 
In the latter case no appreciable difference in reaction velocity is 
found. The possible interpretation of the phenomenon is briefly 
discussed. 
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In our survey of colour receptors in the retina, carried out 
with micro-electrodes stuck into the opened eye, frogs, rats, 
pigeons, guinea pigs, the Greek tortoise and a number of fishes 
have been studied (Granit and Svaetichin, 1939, Gbanit 
1941 — 42). In this paper the work is extended to a snake (Tro- 
pidonotus natrix) which is of interest because of its pure cone' 
retina (see e. g. Walls, 1934). 

The technique for energy control of the spectrum and applicatioi 
of the micro-electrode has been described in the earlier papers of thii 
series (cf. in particular Gbanit and Svaetichin, 1939, and Geanit 
1941, a) and need not be redescribed. The snakes were anaesthetizec 
with urethane (20 %) and the micro-electrode inserted with micro- 
manipulator into the opened eye under suitable magnification of the 
visual field. Successful experiments were carried out with 11 eyes 
from which 18 series were obtained, a series referring to a given location 
of the micro-electrode and comprising a large enough number of obser- 
vations for establishing the spectral locus of its sensitivity curve. 
The number of values (threshold determinations) obtained in such a 
series may vary from 5 to 50, each figure being fixed upon after several 
positive and negative readings on both sides of the threshold. The values 
are averaged and plotted in per cent of the inverse value of the energy 
necessary for a threshold response in each wave-length tested. 


General Observations. 

Spikes from single elements or from elements synchronized to 
act as singles are sometimes obtained, though not as often and 
easily as in mammals. Eelatively restricted discharges are the rule. 
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The slow respiration may cause variations in the level of sensitivity 
which have to he followed by continuously calibrating with the 
wavelength chosen as control — nearly always the maximum. 

In animals with rods and some type of visual purple nearly all 
receptors later enter upon a secondary phase of dark adaptation 
pushing the region of maximal sensitivity towards the spectral 
locus of the top of the absorption curve for visual purple. This 
always means a shift of the sensitivity towards the short wave- 
lengths. It also means that the spectral properties of elements 
located by the microelectrode have to be analysed before dark- 
adaptation sets in. In the cone-retina of the snake this complica- 
tion is absent and there is no need for light-adapting the animals. 
To be true, the green region of the spectrum has sometimes become 
more prominent later in an experiment when the animal has been 
lying in the dark box and its eye only illuminated by threshold 
stimuli. But this need not mean more than that the “green” 
elements are more sensitive to the light adaptation necessary for 
inserting the micro-electrodej and the change is not of the order 
of magnitude characterizing dark-adaptation in eyes containing 
visual purple. The pure cone eye of the Greek tortoise behaved in 
a similar fashion (Granit, 1941 b). 

In the retina of the snake low intensities merely elicit responses 
to illumination, no off-discharges. To stronger stimuli, however, 
most elements react with both on- and off-responses. Pme off- 
elements have not been found, which, of course, need but mean 
that they are rare. 

The bulb is very soft and small in this animal and consequently 
easily damaged when opened. Urethane has to be given cautiously 
in repeated doses of 0.2 cc to ensure optimal conditions. Neither 
the isolated eye nor the eye of a snake, which does not breathe 
after urethane, responds to light. Several animals were lost owing 
to the difficulties mentioned. 

The Colour Receptors. 

Elsewhere I have pointed out (Granit, 1941, e, f) that the ani- 
mals with good colour vision possess one broad dominator band 
and some narrow modulator bands-in other regions of the spectrum. 
The dominator is assumed to represent “brightness” or “white” 
modulated to “colour” by the modulators. The spectral properties 
of the visual receptors of Tropidonotus conform to this scheme. 
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The broad dominator band is plotted in fig. 1 from 5 series, one of 
them referring to an isolated spike. The maximum of the dominator 
is in 0.560 ^ and to all appearance the curve is identical with the 
dominator found in, for instance, frogs (Granit, 19il, f) and cats 
(Gbanit, impublished) and with the luminosity curve of the pho- 
topic human eye. In the pigeon the dominator appeared shifted 
somewhat to the right, probably owing to selective absorption by 
the coloured oil globules (Granit, 1942, b). 

Pig. 2 shows 7 series with maximum in 0.600 /^. All except 2 
had a secondary hump in the green though the level of this hump 



Fig. 1. Average spectral distribution 
of sensitivity of 150 values from 5 
series with “dominator” elements. 
Spectrum of equal quantum in- 
tensity. 


Fig. 2. Average spectral distribution 
of sensitivity of 124 values from 
7 series with well marhed “red” 
modulator and moderate or small 
secondary hump in the green. Dotted 
line refers to 2 cases in which hump 
in the green absent or small. Spec- 
trum of equal quantum intensity. 


varied from case to case. In the two remaining series the curve 
passed down towards 0.540 yu, as shown by the broken line of the 
figure, and the threshold of these two elements was so high as to 
exclude continuation of the experiment farther towards the short 
wave-lengths. Thus we do not know whether or not a small hump 
in the green would have appeared, in these cases too. However 
it is clear that the “red” element of fig. 2 with maximum around 
0.600 n is of the narrow modulator type. 

Fig. 3 illustrates 2 series in which the “green” element, coupled 
to the “red” one, is still more prominent than in fig. 2. It is con- 
ceivable that, by combining in a certain proportion, the “red” 
and “green” modulators may add up to the distribution curve for 
the dominator. A step in this direction is indicated by the series 
illustrated by the open circles in fig. 4. The curve drawn through 
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these ohservatioBS, (as many as 37) comes very near the dominator. 
The red is emphasized hy a hump around 0.600 /i. This hump 
is still more marked in the second curve of the same figure, illu- 
strating another series based on 19 observations, most of which 
fell around the maxima. The values for 0.520 and 0.540 fi are 
single values only, taken at the end of the experiment, and may 
therefore be too low. 

A process of fusion of the two modulators into a dominator 
would certainly provide an attractive explanation of the facts 
that the dominator is broad and symmetrically placed with 
respect to the two narrow modulators and that the experi- 
ments prove them to be combinable in different proportions. It 



Fi^. S. As fig. 2, but -vritb large rise 
in the green. Averages of 73 values 
from 2 series. 


Fig. 4. Ab fig. 1, but dominator 
with hump in the red. Averages of 
oG values from 2 series. 


would also explain that in the animals taken in the spring the 
dominator was rare and the “red” modulator common whereas in 
those taken in the autumn the dominator was common and the 
modulator rare. The “green^’ modulator was never obtained in 
the isolated state but that it also is narrow is clearly indicated 
by the results. Isolated elements were found with all types of 
curves. 

Knowing from the work of Polyak (1936) that both rods and 
cones and (or) several cones converge towards the same ganglion 
cell and that the micro-electrode picks up the discharge from this 
layer, we can imderstand results such as those of figs 1 — i by 
glancing at the diagram of fig. 5. The convergence of “red” and 
“green” elements towards the same final common path is there 
illustrated schematically. The different proportions of “red: 
green'" may be thought to represent the experimentally determined 
curves of figs. 1 — 3. 
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If there be a “blue’' modulator in the eye of the snake it must 
be represented by relatively few receptors or by very insensitive 
j j ^ ones. It has not been seen in 

RC RRC RF RC 
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I 

I 


Ofitit 
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Fig. 5. Diagram illustrating con- 
vergence towards optic nerve of 
“red” and “green” cones in different 
proportions suggesting an explana- 
tion of the’ curves of figs. 1 — 4 in 
terms of two elementary modulators. 
R = “red” cone, G = “green” cone. 
1, “red” modulator alone as in fig. 2 
dotted curve; 2, “red” and “green” 
combining to dominator of fig. 1; 
3, two “red” and one “green” 
modulator combine to give curve of 
fig. 3; 4, three “red” and one “green” 
•modulator combine to give curve 
drawn in full of fig. 2. 


194:1, c) around 0.520 — 0.560 


these experiments. 

The “red” . modulator at 0. 600 
seems to be very constant in 
different animals. The curve of 
fig. 2 could just as well have been 
taken from a frog or a rat. The 
“green” modulators vary in loca- 
tion from 0.500 — 0.530 [i in dif- 
ferent animals. On account of the 
visual purple, which in animals 
with mixed retinae is a source of 
complication in the green region 
of the spectrum, modulators in 
this region may often be very 
difficult to measure with preci- 
sion. Again, the steepness of the 
“red” modulator towards the left 
side of the spectrum may be 
exaggerated by the filtering 
effect of haemoglobin (Graott, 
li. The eyes of snakes, like those 


of rats sometimes tend to bleed a little when opened. 

The eye of Trofidonotus has been used by v. Studnitz (1940) 
for extraction of his so-called “Zapfensubstanz”. In his experi- 
ments extracts were made on whole bulbs(!) and extinction 
analyzed with the “Stufenphotometer” of Pulfrioh. A very 
broad composite curve was obtained with maxima — according 
to V. Studnitz — in 0.468, 0.555 and 0.655 fi. They seem to bear 
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no clear relation to the data obtained with the far more accurate 
electrophysiological method which; in addition, registers what 
actually is being led up to the brain. 


Summary. 

Micro-electrode, amplifier and cathode ray oscillograph have 
been used for the recording of “spikes” from restricted units in 
the retina of anaesthetized snakes in response to monochromatic 
light of known energy content. The problem has been to study the 
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distribution of sensitivity to monocbromatic light of more or less 
restricted discharges in this cone eye. 

There is a broad dominator band of sensitivity with maximum 
in 0.5 GO /<, similar to the dominator found in the frog's eye. 

There are further two narrow modulator bands of sensitivity 
with maxima in respectively 0.600 and 0.520 
The “red” modulator is sometimes obtained in the practically 
isolated state but generally the “green” modulator appears coupled 
tc it so that a secondary hump of variable size is found with 
maximum in 0.520 /i. 


The author is indebted to the Rockefeller Foundation for a 
grant to this laboratory. 
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Aus dem physiologischen Institut der Universitat Aarhus. 


Untersucliungen liber die Wirkung* yon anti- 
pernicibsen Mitteln, yon einer Reilie yon 
Yitaminen und yon Eisen auf die Per- 
meabilitat der roten Blutkbrper- 
chen des normalen Menschen. 

Von 

S0REN L. 0RSKOV. 

Eingereicht am 10. Oktober 1942. 


In einer frixlieren Arbeit (0rskov 1941 b) konnte gezeigt wer- 
den, dass perorale Eingabe von Leberextrakt und Ventriculin 
eine wesentlicbe Verlangsamung der Permeierungsgescbwindig- 
keit von Glukose durcb die Membran der roten Blutkorperchen 
bedingen. Die Wirkung erreicbt in den meisten Fallen nack Ab- 
lauf eines Tages ihr Maximum und bleibt nack einer einzelnen 
Eingabe mekrere Tage lang besteken. Wenn die Einnakme mek- 
rer Tage lang erfolgt, kann die Wirkung sick iiber 14 Tage lang 
kalten. 

Auf Grund von Untersuckungen von Bang und 0rskov (1937), 
die ergeben batten, dass Glukose bei pernicioser Anaemie ab- 
norm scknell in die Blutkorpercken eindringt, und auf Grund der 
Wirkung von Ventriculin und Leberextrakt wurde angenommen, 
dass die Wirkung dieser Praparate mit einem Permeabilitats- 
faktor in Zusammenkang steken konne, der mogkckerweise mit 
dem, Oder einem der Faktoren identisck ist, die die perniciose 
Anaemie zum Versckwinden bringen konnen. 

Bei der weiteren Bearbeitung dieser Frage, sollte zunachst 
untersuckt werden, wie scknell die Wirkung dieser Praparate 
auf die Permeabilitat nackweisbar ist. Hierzu wurden von einer 
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Beihe normaler Versuchspersonen 3 bis 6 Stunden nacb Eingabe 
des Leberextraktes Blutproben entnommen. In einigen Fallen 
war eine merkbare Verlangsamung der Permeierung von Glukose 
scbon nacb 3 Stunden und eine starke Wirkung nacb 6 Stunden 
feststellbar. Bei naberer Untersucbung zeigte sicb aber, dass roan, 
urn sicbere Scbliisse zieben zu konnen, zunachst die Permeierung 
einige Tage lang zu entsprecbenden Zeiten wie die Blutprobe 
nacb Eingabe des Leberextraktes entnommen vrorden war, mes- 
sen muss, da bei einigen Versuchspersonen recht wesentliche 
Tagesschwankilngen in der Eindringungsgeschwindigkeit der 
Glukose gefunden wurden. Die Permeierung der Glukose war in 
diesen Fallen friih morgens am schnellsten und am Nacbmittag 
langsam. Enter Beriicksicbtigung dieser Scbwankungen kann man 
aus den Versucben schliessen, dass die Wirkung nacb 3 Stimden 
nicbt als sicber angeseben werden kann, wabrend die 6 Stunden 
nacb Eingabe des Leberextraktes gemessene Wirkung mit Sicber- 
beit ausserbalb der Feblergrenze liegt.^ 

Es lag nabe and ere Praparate mit antipernicioser Wirkung zu 
untersucben, und wir haben mebrere Leberinjektionspraparate 
und ausser Ventricubn auch Pylorin und Intricula gepriift. Aus- 
serdem wurden ausfiihrbcbe Versuche mit Extrakten von Bier- 
befe vorgenommen, da verscbiedene Untersucbungen gezeigt ba- 
hen, dass Hefe die pernicidse Anaemic beeinflussen kann, was 
be senders aus einer neueren Arbeit von Wintrobe (1939) deut- 
bch bervorgebt. 

In den meisten Fallen wurde nacb Eingabe einer einzelnen Dosis 
des Praparates die Wirkung so lange verfolgt, bis die Anfangs- 
werte der Glukosepermeierung •wieder erreicbt waren, worauf 
zum Vergleicb ein neues Praparat gegeben wurde, Auf diese Art 
koimten zablreicbe Versucbe mit einer relativ kleinen Anzabl 
von Versuchspersonen (fast ausschbesslicb mannlicbe Medizin- 
studenten) durchgefiihrt werden. Es bestebt naturbch die Mog- 
licbkeit, dass die Beaktion nacb einem neuen Praparat noch 
von dem zuvor gegebenen Praparat beeinflusst wird. Da die 
Praparate bei den verschiedenen Versuchspersonen in verscbie- 
dener Beihenfolge eingegeben werden, und da viele Praparate 
wiederholt an der gleicben Versuchsperson untersucbt worden 
sind, sind die Versucbe trotzdem brauchbar, selbst wenn man 
aucb vielleicbt genauere Versuchsresultate durcb Einfiigung 

‘ Es eei jedooh daranf hingowiesen dass die Blutprobe, otwa 24 Stunden bei 
Zimmertomperatur vor der Untersucbung stoht. 
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grosserer Pausen zwischen den einzelnen Versuchen hatte er- 
reichen konnen.^ 

Ausser Leber- Ventrikel- und Hefepraparaten wurde auck die 
Wirkung einer Eeihe von Vitaminen untersucht. Einerseits sind 
namlicb die erstgenannten Praparate zweifellos vitaminhaltig, 
und andererseits zeigte sick, dass die Wirkung der Leber- und 
Hefepraparate durck kurzzeitiges Kocken stark kerabgesetzt 
wird. Obwokl die angewandten Praparate nur Spuren von C Vi- 
tamin entkalten, wurde zunackst die Wirkung dieses Vitamins 
untersuckt und ein sekr kraftiger Einfluss auf die Permeierung 
der Glukose gefunden. Die Mekrzakl der untersuckten Vitamine 
batten eine Wirkung auf die Permeabilitat fiir Glukose, und 
einige reine Praparate beeinflussten ausserdem die Permeierung 
von Tkiokarnstoff.2 

Ausser Vitaminpraparaten wurde der Einfluss von Eleisckex- 
trakt imd Eisen imtersuckt. 

Die Resultate der meisten Versucke sind in der folgenden Ta- 
belle zusammengestellt. Da die Wirkung auf die Permeierung am 
deutlicksten sicktbar ist, -wenn die Konzentration von Glukose 
in den Blutkorperchen nock goring ist, d. h, wakrend des Beginns 
der Permeierung, ist nur Ki aufgefiikrt, welckes der Permeie- 
rungsgesckwindigkeit entsprickt, bis soviel des untersuckten Stof- 
fes in die Blutkorpercken gedrungen ist, dass die Konzentration 
des Stoffes in der wassrigen Phase des Blutkorperckens 26 % der 
in der Suspensionsfliissigkeit vorhandenen Menge betragt: (Be- 
zugkck der Metkode sei auf friihere Arbeiten hingewiesen (0R- 
SKOV 1935, Meldahl tmd 0rskov 1910 und 0eskov 1941 a), 
Als Mass fiir den Grad der Wirkung und fiir die Wirkungsdauer 
sind fiir jeden Versuck zwei Zaklenwerte angegeben. Der erste 
bezeicknet die maximale prozentiscke Herabsetzung von Ki fiir 
Glukose und der folgende, die Anzakl Tage nack Eingabe des 
Praparates bis die maximale Herabsetzung von Ki auf die HaEte 
gefallen ist. In einem Teil der Versucke fiuden sick neben diesen 
Zaklen fiir Glukose kursiv gedruckte Zaklen, die die entspre- 
ckenden Veranderungen von Ki fiir Tkiokarnstoff angeben. In 

^ Einzelne Versuolie •vnirden vregen spontanor Schwankungen der Penneabi- 
litat nicht beriicksichtigt. Das Auftreten derartiger Schwankungen ist bei den 
vielen Stoffen, die die Permeierung beeinnussen, nicht verwunderlich. Bs ist 
vielleicht mehr erstaunlich, wie konstant die Permeierung bei der Mehrzahl der 
Versuchspersonen ist. 

» In den meisten Versuchen ist die Permeierung von Glukose, Thiohamstoll, 
Glycerin, Ammoniumacetat, Hexamethylentetramin, und Malonamid unter- 
sucht. 
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\lelen Versuclien -wurde nur eine Bestimmung der Permeabilitat 
fiir Gliikose vorgenommen, da in friilieren Versuclien nur fiir 
diesen Stoff grosse Veranderungen gefimden worden Y'aren. 

Zunacbst soli die Wirkung der einzelnen Praparate erortert, 
und dann die Wirkung der versckiedenen Stoffe verglicken nnd 
diskntiert irerden. 


Prfiparat 

1 

Dose i Ycrsnchspcrson 

i 

Extractuvi fluid, 
hepatis (A. B.) 

(5 rm* = 100 g Lclier) 

Leherprap 
10 cm* 

20 cm* 

arate per os. 

E. S. 14 (6) J. T. 13 (6) P. B. 13 (4) 
BL K. 11 (5) P. C. J. 5 (2) H. R. 

7 (3) E. AA. 14 (6) W. K. 17 (2) 
H. R. 8 (>7) 

E. S. 12 (3) J. T. 15 (4) P. B. 19 (4) W. 
K. IG (5) H. R. 22 (3) E. A A. 12 (5) 

j Campolon (Bayer) ! 10 cm* 

E. S. 20 (4) J. T. 10(>7) P. B. 5(3) 

i Hepsol (IL C. 0.) 

1 (10 cm* = 50 g Leber 

J entsprecliend) 

10 cm* 

P. E. 11 (2) 

! 

1 Eshcpn fluid. (Ido) 
j (10 cm* = lOU g Leber) 

i 

i 

1- 

5 cm* 

10 cm* 

20 cm’ 

BL K. 7 (5) 

E. S. S (>7) E. An. 18 (7) 

K. G. 12 (3) 0 E. 1). 12 (4) | 

j Exliepa fori. (Ido) 
j (2 cm* = 100 g Leber) 

4 cm* j J. T. 9 (2) G. J. 6 (3) 8 (.9) 

1 Exhepa (Ido) 

1 (1 Glas (Pniver) 100 g 
j Leber) 

\ 

1 Gins i P. L. J. 8 (2) P. C. J. 7 (2) 

I 

1 Leher j | 

1 (in Butter gebrafen) i 200 g J. T. 7 (2) P. C. J. 0 

1 j 400 g I P. B. 5 (7) A. H. 0 

Leherpraparate 
Campolon (Bayer) 

1 

fils intram 
2 cm* 

4 cm* 

uBlculdre Injeldion gegcbcn. 

B. H. 20 (6) 

C. K. 14 (3) 

Exhepa fort. (Ido) 

auf lOCr C ericdrmt 

20 Minuten auf loci’ C 
ericdrmt 

2 cm* 

4 cm* 

2 cm* 

2 cm* 

A. H. 6 (4) E. Aa. 17 (3) 

E. S. 22 (9) B^ K. 8 (6) 

P. L. J. 4 (3) C. K. 4 (3) 

A. Y. C. 4 (2) 0 K. G. 3 (3) 0 E. D. 

2 (2) 7(2) 

Sepsol fort. (M. C. 0.) 
(1 cm* = 100 g Leber) 

2 cm* 

3 cm* 

A. H. 8 (5) B. A. 10 (5) C. K. 8 (5) 
W. K. 8 (4) 
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Praparat 

Dose 

Yersucbsperson 

Ventriculin (M. C. 0.) 

(1 Karton 130 g friscben 
Magen entsprecbend) 

Venirilce 

'praparate 

H. R. 5 (1) E. Aa. 5 (2) 

Intricula (Ido) 

(1 Karton 125 g frischem 
Magen entsprecbend) 


J. T. 25 (4) W. K. 15 (4) P. B. 16 (>7) 


Bierhcfe^ 


Suspension 

(150 cc 75 g Hefe ent- 
sprecbend) 

150 cm® 

J. T. 7 (3) P. B. 11 (7) P. C. J. 6 (5) 
B. H. 11(>8) 

Filtrat 

150 cm® = 75 g Hefe 

150 cm® 

A. K. 7 (> 7) P. L. J. 5 (3) ^Y. K. 8 (6) 
A. H. 11 (>8) P. L. J. 10 (3) P. 
L. J. 16 (4) 

Filtrate kurzwierig aof 
100’ C erwarmt und 
dann abgekuhlt 

150 cm® 

W. K. 3 (2) 

Troekenhefe, (autoly- 
siert) (Ido) 

10 g 

20 g 

J. T. 0 

B. H. 0 


Vitamin F. 

Fphynal, (Roche) 
per os Tabl. 

80 mg A. V. C. 9 (4) 21 (5) 60 mg K. G. 3 (3) 
18 (5) m mg H. K. 6 (3) 20 (2) 

20 mg E. D. 4 (2) 20 (2) 12 mg A. V. C. 12 (4) 
11 {4) 6 mg K. G. 8 (4) 10 (o) 

3 mg H. K. 96 (4) 6 (5) 2.5 mg E. D. 3 (2) 20(5) 
l.s mg K. G. 6 (3)® —10 (3) E. D. 8 (4) 10 (2) 

Fphynal, die Tabletten 
in TVasser gelSst and 
dann 5 Minuten ge- 
kocbt 

6 mg K. 

G. 3 (3) 0 

15 Minuten gekocht 

6 mg A. V. C. 0 0 

Fphynal, intramnskulare 
Injektion 

15 mg 

30 mg 

A. J. 2 (3) 0 

E. D. 7 (6) 0 

Fertilan (M. 0. 0.) 
CWeizenkeimol) 

10 cm® 01 
6 cm® 

3 Tage 
long 

E. D. 10 (6) 11 14) 

A. V. C. 9 (6) —53 (5) G. J. 16 (6) 
— scbwach E. Aa. 16 (4) — achwacb 


* Die Hefe wnrde mit \7asser verdiinnt, schnell auf 80’ erwamt und dann 
schnell abgekuhlt. Die Hefe Tvnrde teils als Suspension, teils als Filtrat gegeben. 

150 cm® = 76 g frische Hefe. , , t. • «. 

2 —yor aer Zabl bedeutet, dass das Praparat scbnellere Penneiernng uc- 

dingt bat. 
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Praparat Dose Versuchspersou 


E. D. 15 (7) 16 {>7) K. G. 6 (3) 10 (5) 
A. y. C. 6 (4) 7 (2) A. V. C.i 6 (5) 
ii(5) 

E. D. 10 (5) 13(5) K. G. 8 (5) 19(5) 
E. D. 13 (7) 1? (8) E. D. 15 (7) 16 (7) 
A. V. C.i 6 (3) 75 (5) 

y^asseriger Extrakt von E. D. 12 (5) 77(oj 

10 cm® Weizenkeimol 
anf 100’ C erwarmt 


Lebertran 


Lebertran (standardisiert j 25 cm® E. S. 2 (5) E. D. 4 (5) 
500 A nnd 500 D Ein- 


heiten per cc) 
in 2 Tagen 
in 3 Tagen 

1 

25 cm* 

25 cm® 

E. Aa. 5 (nicht nntersucht) 0 

G. K. 0 0 J. T. 6 (3) 0 


Ascorbinsaure 

Ascorbinsciure (Roche) 

25 mg 

A. H. 0 R. T. 8 (3) 7(3) 

per OB 

50 mg 

C. K. 8 (3) 

100 mg 

K. G. 13 (3) 0 A. y. C. 15 (5) 10(5) 
E. S. 8 (4) J. T. 8 (4) A. K. 7 (3) 


200 rag 

A. E. 10 (3) K. G. 8 (3) 17(3) E. D. 
27 (6) 7 (3) A. y. C. 10 (4) 8 (5) 
C. J. 10 (4) 18 (2) H. K. 8 (2) 0 



K. G. 6 (3) 13 (2) H, K. 7 (4) 0 


500 mg 

A. C. J. 13 (7) 

anf lOCr encarmt 
(in ca 50 m® S 2 O) 

100 mg 

B. H. 0 

200 mg 

TV. K. 0 

Ascorbinsaure (M. C. 0.) 


H. K. 2 (4) 0 E. A. 4 (3) 0 

in Ampnllen a 100 mg 

100 mg 

per 08 



intramushdar 

100 mg 

H. K.-6 (3) 11 (2) E. A. -6 (3) 0 
A. J. —6 (3) 0 E. D. 9 (3) 7(2) B. 
H. 8 (3) 16 


Lacloflavin 

Lacloflavin (Ferrosan) 

1,26 mg 

P. J. 3 (2) 

per os 

2,5 mg 

E. D. 10 (4) 0 

5 mg 

G. J. 12 (4) 7 (5) 


10 mg 

G. A. 6 (5) 9 (5) H. K. 5 (3) — 7(A) 


' Der wfisserige Extrakt vnirde in diesem Versnch bis znr Trockenheit bei 
niedriger Temperatur eingedampft. Hehalt an Trochensnbatanz vreniger ala 1 mg. 
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Praparat 

Dose 

Tersnchsperson 

Betaxin (Bayer) 
{Vitamin Bi) per os 

intramushular 

Beti 

1,26 mg 
2,6 mg 

5 mg 

10 mg 

6 mg 

10 mg 

ixin 

S. Aa. N. 3 (2) 

G. J. 3 (6) 0 

K. G. 5 (3) 10 (5) 

A. V. C. 11 (3) 17 (5) K. G. 14 (4) 6 (£) 
G. J. 6 (>5) 8 {4) 

A. V. C. 8 (5) 11 (5) K. G. 11 (5) 7 (3) 

Becoplex (IdoY per os j 

Becoplex 

6 cm® 1 P, L. J. 0 

Soluchinon (IdoV 

Soluchinon 

3 Tabl. 3 i A. K. 0 P. L. J. 0 

Tage lang 1 

Nicotinamid 

Nicot 

25 rog 

50 mg 
100 rog 

inamid 

B. H. 0 0 

E. A. 10 (3) 0 

G. J. 10 (4) 7 (.5) E. A. 4 (4) - 7(4) 

Muskelextrakt von 300 
g schierem Ochsen- 
jleisch 

Extrakt auf 100’’ C er- 
■wannt 

Extrakt von 400 g scliie- 
rem Ochsevfleiscli 
(+ Va Zitrone) 

M^isJce 

1 

^extrakt 

K. G. 12 (>4) 0 E. A. 14 (4) 0 ’ 

T. R. 8 (3) 0 

1 

A. K. 5 (2) E. Aa. 15 (4) 

Ferroplex-Tabletten (a 
0,25 g Ferrosi tartras) 

Eisen 

1 6 Tabl. 1 H. K. 4 (>3) 6 (>5) 


* Becoplex soli samtliclie B*Faktoren enthalten. In 6 cm® sollten etwa 9 mg 
B.-Vitamin, 2,1 mg Flavin und 60 mg Nicotinsfinre sein. 

® Jede Tablette enthait 10 mg Na-2methyl, 1,4-nafto'hydrocliinonaisnlfat. 


6 Ferroplex-Tabletten 7 Tage lang (slebe Abbildnng 1). 
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K, 



Fig. 1. Die sioben scnkrcchtcn Stridio bczeichncn die Eisonzufuhr (6 Ferro- 
plcstnblctten). A — Kj fur Glukose O ~ K, fiir Tliioharnstoff. 


Loborpraparato. 

Die Wirkung der verseliicdenen Leberpriiparate zeigt. grosse 
indinduelle Yerschiedenlieiten auch fiir die gleiche I\Ienge des- 
sclben Praparate.s, sovoiil was die prozciitische Verkiirziing von 
Ki angelit, al.$ auch fiir die 'VVirkungsdaucr. Mit alien obener- 
wahnten Priiparaten wurdc cine Wirkung nach peroraler Ein- 
gabc gefunden, und es liisst sich niclit entsclieiden, ob bestimmte 
Praparate besonders kiiiftig oder schwach wirken. Audi die in- 
jizierbaren Leberpraparate zeigen deutliclie Wirkung aber auch 
hier sind grosse TJnter.schiede in der Wirkung in den verschie- 
denen Vensuchen vorhanden, und man kann z. B. keine wesent- 
lich starkere Wirkung nach Injektion von 4 cm’ als nach 2 cm’ 
finden. 

Campolon ist mit den iibrigen Leberpniparaten schwierig ver- 
glcichbar. da nicht bekannt ist, wieviel Leber zur Herstellung 
des Praparates angewandt wird. 

Eine kurzzeitige oder 20 Minuten dauernde Erwiirmung des 
Exhepa fort, auf 100° bedingt eine wesentliche Herabsetzung 
der Wirkung, die also teihvei.se auf einem oder mehreren thermo- 
labilen Faktoren beruht. Der antiperniziose Faktor in der Leber 
i-st an sich aus.serst warmebestandig und vertragt nach Barfred 
(1942) 5 Stunden langcs Kochen. Die schwache Wirkung, die 
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nacli Einnahme von gebratener Leber beobachtet vird, beruht 
aber vielleicht zum Teil auf der Zerstorung von wirksamen Fak- 
toren durch die Erwarmung oder auch andere Verhaltnisse koa- 
nen bier wobl von Bedeutung sein. 

Magenprfiparate. 

In der Wirkung der beiden untersucbten Praparate wurde ein 
grosser Unterschied gefunden, und 2war hat Intricula eine we- 
sentlich starkere Wirkung als Ventriculin, Die Ursache hierfiir 
liegt wahrscheinlich in den verschiedenen Herstellungsmethoden. 
Die Wirkung von Intricula ist bei Beriicksichtigung der hlenge 
des Ausgangsmaterials wesentlich starker als die verschiedenen 
Leberpraparate. 

Bierhefe. 

In den ersten Versuchen wurde die Bierhefe (Weissbierhefe) 
zunachst mit Essigsaure oder Salzsaure angesauert und kurz- 
zeitig auf 100° erhitzt. Im Laufe der Versuche zeigte sich jedoch, 
dass die Wirkung der Hefe und des hiervon gewonnenen Filtrats 
starker ist, wenn man bloss auf 80° erwarmt und eine Ansauerung 
der Hefe ist nicht erforderlich. Autolysierte Trockenhefe hat 
keinen Einfluss auf die Permeabilitat. 

Vitamin E. 

Die ersten Versuche wurden mit Fertilan in Kapseln vorge- 
nommen und eine wesentliche Yerlangsamung der Permeierung 
von Glukose gefunden. Auch die Permeabilitat fur Thioharnstoff 
war verandert, aber die Eindringung erfolgte hier schneller. Eine 
neue Packung des Praparates zeigte die gleiche Wirkung fiir 
Gliikose aber die entgegengesetzte fiir Thioharnstoff. In den fol- 
genden Versuchen wurde dann immer nur eine Verlangsamung 
der Permeierungszeit fiir Thioharnstoff durch Fertilan beobach- 
tet. Das synthetische Vitamin E, Ephynal, bedingt auch eine 
Verlangerung der Permeierungszeit fiir beide Stoffe. In der ersten 
Sendung Kapseln muss also ein Stoff vorhanden gewesen sein, 
der auf die Permeierung von Thioharnstoff entgegengesetzt wirkt 
wie Vitamin E. In Fertilan ist ausser Vitamin E ein Stoff vor- 
handen, der sich mit Wasser ausschiitteln lasst und der auch 
eine Verlangsamung der Permeierung von Gliikose und Thio- 
harnstoff bedingt. Dieser Stoff vertragt jedenfalls kurzzeitige Er- 
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Iiitzung auf 100° und virkfc in sekc kleinen Mengen. Eine wassrige 
Losung mit nnr 1 mg Trockensubstanz zeigte schon eine kraftige 
Wirkung. 

Epbynal beeinflusst die Permeabilitat schon in Mengen von 
nnr 1.5 mg und eine Steiger ung der Dosis von 6 auf 80 mg hat 
keine Erhohung der Wirkung zur Folge. 

Auch nach intramuskularer Injektion war eine Wirkung vor- 
handen. 

In einigen Versuchen wurde untersucht, ob Ephynal unter 
den gleichen Bedingungen, unter denen auch Hefe, Leber und 
spater Vitamin C untersucht wurden (d. h. bei Yorhandensein 
von Luft) hitzebestandig ist. Die Ephynaltabletten wurden in 
Wasser suspendiert (etwa 50 cm^) und 5 bzw, 15 Minuten ge- 
kocht. Nach 5 hlinuten war eine schwache Wirkung auf die Per- 
meierung von Glukose und keine Wirkung auf die von Thio- 
harnstnff vorhanden und nach 15 hlinuten wurde die Permeabi- 
litat fiir beide Stoffe nicht mchr beeinflusst. Da Ephynal hitze- 
bestandig sein soli, handelt es sich in diesen Versuchen wahr- 
scheinlich um eine Oxydation. Ephynal war in Tabletten an 
Kieselsiiure, Weizenstarke und Talkum adsorbiert und hat des- 
wegen sicher eine grosse Oberflache. 

Lebertran. 

Lebertran hat auf die Permeabilitat fiir Glukose eine schwache 
Wirkung. Auf die von Thioharnstoff wurde ein Einfluss nicht 
beobachtet. In einem Falle, in dem 25 cm® 3 Tage lang gegeben 
wurde, war keine Wirkung fiir Glukose vorhanden. 

Aecorbinshure. 

Ascorbinsaure hat bis zu Mengen von 25 mg eine deutlich mess- 
bare Wirkung. Der Einfluss auf die Permeabilitat fiir Glukose 
ist am starksten, aber in den meisten Versuchen, in denen die 
Permeierung von Thioharnstoff untersucht wurde, wurde auch 
fiir diesen Stoff eine Wirkung gefunden. In zwei Fallen, in denen 
die Losung kurzzeitig auf 100° erwarmt worden war, war keine 
Wirkung mehr vorhanden, was darauf hindeutet, dass es sich 
hierbei auch um eine Oxydation wahrend der Erwarmung ge- 
handelt hat. 

In funf Versuchen wurde die Wirkung von intramuskular in- 
jizierter Ascorbinsaure untersucht. In drei Versuchen hatte diese 
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die entgegengesetzte Wirkung -wie die peroral eingegebene Ascor- 
binsaureA Das angewandte Praparat war von der Fitma Medi- 
cinalco Ixergestellte Ascorbinsaure in Ampullen, und batte per 
os eine nur sckwacbe Wirknng. Diese Versucbe baben zweifellos 
Interesse fiir die Diskussion der Wirkungsarfc der virksamen Pra- 
parate. 


Laetofiavin- 

Scbon 1.25 mg Laetofiavin beeinflussen die Permeierung von 
Glukose kraftig und die von Tbiobarnstoff weniger sicber. In 
dem Versuck mit 6 cm® Becoplex wurden 2.1 mg Flavin einge- 
geben und keine Wirlcung auf die Permeierung von Glukose ge- 
funden. 


Betaxin (Bi). 

In Mengen von nur 1.25 mg hat Betaxin Einfluss auf die Glu- 
kosepermeierung (Verlangsamung). Bei Mengen von 5 mg und 
mehr ist aucb Wirkung auf Tbiobarnstoff (langsamere Permeie- 
rung) vorbanden. Intramuskulare Zufubr des Praparates hat die 
gleicbe Wirkung. Merkwurdig ist, dass nacb 6 cm® Becoplex, 
welcbe 9 mg Bj entbalten sollen, keine Wirkung beobaebtet 
xvurde. Es ware von Interesse zu untersueben, wieweit die Wir- 
kimg der Vitamine die gleicbe ist, wenn sie in einem bestimmten 
Mengenverhiiltnis gegeben werden. 

Mcotinamid. 

Nicotinamid bedingt langsamere Permeierung von Glukose und 
Tbiobarnstoff in Mengen von wenigstens 50 mg. 


Soluchinon, 

Dieser Stoff, der K-Vitaminwirkung hat, ist ohne Einfluss auf 
die Permeierungsgeschvdndigkeit. 


IIUBkelextrakt. 

Der Extrakt ist in folgender Weise bergestellt. Feines schieres 
Fleiscb "wird 4 mal durch eine elektriscb getriebene Fleiscbma- 
schine gepresst und dann mit Wasser und Alkohol vermisebt, 

^ Wieclerholung der Injektionsversnche mit ciner neuen Packung AmpuUen 
ergab eine langsamere Permeierung ron Glukose. 
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sodass der Alkotolgehalt etwa 60 Prozent vdrd. Die Mischung 
stelit bis zum nachsten Tage und vdxd dann filtriert. Der Alkohol 
und ein Teil des Wassers -werden in Vakuum bei Erwarmtmg anf 
V'eniger als 40° abgedampft. Bei Eingabe von einer 200 g Eleiscb 
entsprechenden Menge ist eine erbeblicbe Verlangsamung der 
Permeierung von Glnkose vorbanden. In zwei Versucben wrde 
als Geschmacksstoff der Saffe einer halben Zitrohe mit eingegeben, 
aber da in den beiden anderen Versucben nocb kraftigere Wirkung 
vorbanden war, bestebt kein Zweifel, dass die beobacbtete Wir- 
Ining durcb den EJeiscbextrakt bedingt wird. Kurzzeitige Erbit- 
zung auf 100° verringert die Wirkung nur unwesentlicb. 

Eisen. 

Eine Untersucbung der Wirkung %'on Eisen auf die Permeabi- 
litat sollte eigentbcb scbon fruher vorgenommen werden. Ver- 
sucbe dieser Art warden indessen erst in der letzten Zeit begon- 
nen, Eisen bedingt cine deutlicb feststellbare Verlangsamung der 
Permeabibtat fiir Glukose und aucb auf die Permeierung von 
Tbioharnstoff ist eine Wirkung vorbanden. 


Bespreclinng der Ergebnisse. 

Die zuvor bescbriebenen Versucbsergebnisse baben ergeben, 
dass nicbt allein, wie zuerst angenommen wurde, die antiperni- 
ciosen blitt-el die Permeierung durcb die ]\Iembran der roten 
Blutkorpercben verlangsamen, sondern dass die gleicbe Wirkimg 
aucb nacb Eingabe der meisten der untersucbten Vitamine und 
Vitaminpraparate, nacb Fleiscbextrakt, wassrigem Extrakt aus 
Weizenkeimol und nacb Eingabe von Eisen vorbanden ist. Diese 
Stoffe konnen nicbt raebr unter dem Begriff von antiperniciosen 
blitteln zusammengefasst werden, und selbst wenn man die Stoffe 
unter dem Gesicbtspunkt eines Einflusses auf die Neubildung 
der roten Blutkorpercben betracbten will, konnen bierunter nicbt 
alle untersucbten Praparate eingeordnet werden. 

jilan recbnet damit, dass der exogene Eaktor der fiir die Bil- 
dung des -vvirksamen Leberstoffes notwendig ist, in Fleiscbextralct, 
Hefe, Magenpraparaten und Fleiscb vorbanden ist, Dieser Faktor 
soli hitzebestiindig sein, was nicbt damit in Ubereinstimmimg 
stebt, dass ein wesentHcber Teil der Wirkung auf die Permeabi- 
litat nacb kurzzeitigem Kocben der Hefe- oder Leberpraparate 
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verschwindet. Daher ist es wahrsclieinlicli nicht der exogene 
Faktor, der in diesen Extrakten die starkste Wirkung hat, wenn 
auch die Hitzebestandigkeit nicht als ein besonders sicheres Kenn- 
zeichen aufgefasst 'werden kann. Die Wirkung von Vitamin E, 
welches auch als hitzebestandig angesehen wird, ist nach Kochen 
von 15 Minuten wirkungslos. Vitamin C soli fiir die Eeubildung 
der Blutkorperchen notwendig sein, aber fiir die sonst unter- 
suchten Vitamine ist bisher keine sichere Beziehung zur Neubil- 
dung der Blutkorperchen nachgewiesen worden. Eisen ist natiir- 
lich ein notwendiger Bestandteil der roten Blutkorperchen. 

Wenn die PermeabUitat und die antiperniciosen Mittel in Be- 
ziehung zueinander gesetzt -mirden, war die Ursache luerfiir, 
dass Bang und 0rskov eine erhohte Blutkorperchenpermeabilitat 
fiir Glukose bei pernicioser Anamie gefunden batten, die nach 
Behandlung wieder normal wurde, und dass die gleiche Wirkung 
einer Verlangsamung der Permeierung auch bei Behandlung von 
normalen Versuchspersonen gefunden wurde (.0rskov 1911 (2)). 

Man konnte sich ja sehr wohl vorstellen, dass die bei pernici- 
oser Anamie vorhandene schnelle Permeierung nicht durch ein 
Fehlen des Faktors, der mit der Blutkorperchenneubildung in 
Zusammenhang steht, bedingt ist, sondern durch einen oder 
mehrere andere Stoffe. Die Steigerung der Permeabilitat konnte. 
auch auf einer Abnormen Zusammensetzuhg der bekannten Be- 
standteile des Plasmas beruhen. Bei pernicioser Anamie wird 
angegeben, dass besonders niedrige C Vitaminwerte im Plasma 
vorhanden sind (Alt, Chin und Farmer 1939), und moglicher- 
weise kann man spater auch niedrigere Werte von anderen Vita- 
minen im Plasma nachweisen. 

Es ist moglich, dass Faktoren, die fiir die Neubildung der 
Blutkorperchen von Bedeutung sind, auch auf die Permeabilitat 
der zirkulierenden Blutmenge Einfluss haben, was aber erst mit 
Sicherheit nachweisbar ist, wenn man mit den reinen Stoffen 
arbeiten kann, und wenn gezeigt werden kann, dass diese sowohl 
Einfluss auf die Blutkorperchenneubildung als auch auf die Per- 
meabilitat haben. 

Andererseits zeigen die in der vorliegenden Arbeit beschrie- 
benen Versuche, dass Vitamine, von denen eine Beziehung zur 
Blutkorpercheimeubildung nicht bekannt ist, eine deutlich mess- 
bare Wirkung auf die Permeierung von Glukose haben. 

Besonders zwei Moghchkeiten miissen zum Verstandnis der Art 
der Wirkung aller dieser Stoffe auf die Blutkorperchen in Be- 
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traclit gezogen werden; 1. eine direkte Einwirkung tmd 2. eine 
indirekte Eimvirkung. 

1. In einer Eeike bister nnveroffentlicbter Yersucbe zeigte 
sicb, dass kleine Konzentrationen von Leberextrakt, Hefeextrakt, 
Vitamin C, E tmd aucb in Beagenzglasversuchen eine lang- 
samere Permeierung der Glukose bedingen. Man kann bieraus 
natiirlich nicbt mit Sicberheit scbliessen, dass die erwabnten Stoffe 
aucb im Organismus die Blutkorpercben beeinflussen, da dort 
wesentbcb andere Verbaltnisse vorliegen und u, a. die Konzen- 
tration, in der die Stoffe' sicb im Blute finden, nicbt bekannt ist. 

2. Es ist von vorneberein sebr wobl mogbcb, dass die Wirkung 
auf die Permeabibtat der Blutkorpercben eine indirekte ist, da 
alle die erwabnten Praparate wabrscbeinbcb pbysiologiscb aktiv 
sind tmd daber eine veranderte Konzentration von Hormonen, 
Vitaminen tmd anderen Bestandteilen des Plasmas im Blut ver- 
ursacben konnen. Es ist merkwiirdig, dass eine Reihe von so 
verscbieden wirkenden Stoffen ungefahr die gleiche Wirkung auf 
die Permeierung der Glukose bat. Dies bedeutet jedocb nicbt, 
dass in alien Fallen die gleiche Anderung der Struktur oder Zu- 
sammensetzung der roten Blutkorpercben entstebt, da eine lang- 
samere Permeierung eines Stoffes auf verscbiedene Art bervor- 
gerufen werden kann. 

Die Injektionsversucbe mit Ascorbinsaure, bet denen eine 
schnelle Permeierung der Glukose auftritt, deuten in bobem 
Grade auf eine indirekte Wirkung, da man bei peroraler Eingabe 
eine langsamere Permeierung erhalt. Die Wirkung wurde aller- 
dings nur mit einer Packung Ampullen von Ascorbinsaure beob- 
acbtet, die per os zugefiihrt nur eine scbwache Wirkung batten. 
Es liegt nabe anztmebmen, dass der Unterschied durcb eine Be- 
einflussung des C Vitamins im Darmkanal oder der Leber und 
damit im Blute bedingt worden ist. 

Mit den ubrigen Vitaminen erbalt man bei peroraler oder in- 
tramuskularer Eingabe gleicbe AVirkung. 

Die Vitamine wirken in sebr geringen Mengen, die den taglicb 
zugefiibrten entsprecben, tmd die Wirkung halt sicb mehrere 
Tage lang. 

Die Konzentrationssteigerung der zugefuhrten wirksamen Stoffe 
im Plasma ist sibberbcb sebr gering. In zwei Versucben wurde der 
Gehalt an Ascorbinsaure im Plasma nach Eingabe von 100 mg 
des Stoffes, der einen deutlichen Emfluss auf die Permeierung 
von Glukose batte, untersucbt. 
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Anfangsvrert 

A. K. 11/12 41 

E. S. 11/12 41 

O.GO vaz% 

O.GO mg^ 

Nacli einem Tag 

0.G4 Tag% 

0.60 mgs; 

Kacli zwei Tagen 

0.65 mg?o 

0.50 mg?» 


In einem Versucli ist also eine geringe Steigerung vorhanden, 
in dem anderen keine Erkoliung und ein spateres Absinken. 

Da unser Wissen iiber die Wirkungsweise der Vitandne im 
Organismus ja sehr begrenzt ist konnte es von Interesse sein, 
den Mechanismus des Einflusses dieser Stoffe auf die Permeabi- 
litat naher zu untersucben. 

Die Beemfiussung der Permeabilitat fiir Tbiobarnstoff ist we- 
sentbcb unsicberer als die fiir Glukose. In den meisten Fallen 
bedingt eine Anwendung des wirksamen Stoffes in grosseren Do- 
sen jedocb aucb eine Einmrkung auf die Permeierung von Tliio- 
barnstoff. 


Zusammenfassnns. 

Friibere Untersucbungen baben ergeben, dass Leberextrakt 
und getrockneter Magen beim normalen Menschen eine langsamere 
Permeierung von Glukose durcb die Membran der roten Blut- 
korpercben bedingen. 

Die vorliegenden Versucbe baben ergeben, dass viele andere 
Praparate die gleicbe Wirkung baben und gleicbzeitig wurde in 
vielen Versucben eine Verlangsamimg der Permeierung von Tbio- 
barnstoff beobacbtet. 

Eine Wirkung vurde nacb Eingabe folgender Stoffe gefunden: 
verschiedene Leberpraparate, Magenpraparate, Bierbefe und de- 
ren Extrakte, Fleiscbextrakt und Eisen und nacb einer Keihe 
von Vitaminen: Vitamin C, Vitamin Bi, Vitamin Bj, Vitamin E, 
Weizenkeimol, sovde ein wassriger Extrakt dieses Praparates, 
nacb Nikotinsaureamid und eine scbvracbe Wirkung aucb nacb 
Lebertran. 

In Weizenkeimol kann ein Stoff vorkommen, der eine scbnel- 
lere Permeierung von Tbiobarnstoff bedingt. 

Die wirksamen Bestandteile in diesen Stoffen wirken wabr- 
scbeinbch in kleinen Mengen. Ein Einfluss auf die Permeabilitat 
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^n^^de nach 25 mg Vitamin C, 1.25 mg Vitamin Bj, 1.25 mg Vi- 
tamin B,, 1.5 mg Vitamin E, 50 mg Nikotinsauxeamid und nach 
1 mg ■wassrigem Extrakt von Weizenkeimol beobacktet. In den 
meist-en Fallen wurden geringere Dosen als die bier angefiilirten 
nicbt untersucbt. 

Eine Wirkung von Leberextrakt trat 6 Stunden nacb der Ein- 
gabe auf. 

Die wirksamen Bestandteile in der Leber und in Hefe sind 
teilweise bitzeunbestandig und die Sicberbeit dieser Beobacbtung 
Tvird diskutieri/. 

Es wird veiterliin erortert, wie die Beeinflussung der Perme- 
abilitat der roten Blutkorpercben vorsicbgebt und sowobl mit 
einer direkten als einer indirekten Wirkung gerecbnet. Als Grund- 
lage bierfiir dienen bisber nicbt veroffentbcbte Beobacbtungen 
■iiber die Beeinflussung der PermeabiUtat der roten Blutkorper- 
cben nacb Zusatz der genanntcn Stoffe in vitro und einige Ver- 
sucbe mit Vitamin C Injektionen, die scbnellere Permeierung von 
Glukose bedingten, d. b. cine umgekebrte Wirkung batten wie 
nacb peroraler Eingabe des Stoffes. 

Andere Praparate batten nacb intramuskularer Zufubr die 
gleicbe Wirkung wie peroral. 

Es ist mir eine angenebme Pflicbt den Firmen Ferrosan, 
Alfred Bexzox, Medicinalco, F. Hoff.mann-La Roche und 
Bayer fiir grossziigige Dberlassung von Proben der genannten 
Praparate meinen besten Dank zu sagen. 
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Introduction. 

Gildemeister’s monograph (1928) on the conducting proper- 
ties of the sldn to direct cirrrent (d. c.) and alternating current 
(a. c.), and Schaefer’s book on electrophysiology (1940) contain 
comprehensive descriptions of the investigations on this problem. 
The results are briefly as follows. 

The d. c.-resistance decreases after conduction of a constant 
current for some time through the skin and also with increasing 
voltage. "When the voltage is decreased subsequently, the re- 
sistance does not increase to the initial value but to a lower 
value (hysteresis). The resistance to anodic conduction is different 
from that to cathodic conduction^. In the case of short-lasting 
current impulses, the skin shows properties similar to a polari- 
zation cell or a shunted condenser. The a. c.-resistance of the skin 
is less than its d. c.-resistance, decreasing with increasing fre- 
quency of the a. c. — Finally, the skin gives rise to a phase shift 
between alternating voltage and -current (voltage after cur- 
rent) in the same way as a polarization cell or a condenser. The 
subcutaneous and internal tissue of the human organism con- 
ducts a galvanic current almost as a low-ohmic resistance. 

As the cause of the above mentioned conducting properties, Gil- 
demeister (1928) and his school assume polarization of the skin due 

‘ Anodic or cathodic conduction is defined as a d. o.-conduotion through the 
respective part of the skin with the anode or the cathode, respectively, as dif- 
ferent electrode. The indifferent electrode is immersed into an electrolyte bath 
into which also a largo part of the skin, e. g. one arm, is immersed. 
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to different ion mobiUty in tbe cells and tbe cell membranes vdtb an 
accumulation of ions on tbe stratum corneum and, especially, on the 
cell membranes in tbe stratum germinativum. The d. c.-resistance of 
tbe skin is therefore an apparent resistance, determined by tbe state 
of permeability of tbe cell membranes and varying -with their permea- 
bUity. 

Munk (1873) and Gartner (1882) explained the decrease in d. c.- 
resistance of the skin depending on the time of conduction by an in- 
crease in electrolyte content of the skin due to electro-endosmosis. 
Gildemeister (1928), however, assumed that this effect must be due 
to a reversible increase in the membrane permeability of the living 
cell layers of the stratum germinativum accompanied by a decrease 
in skin polarization. Ebbecke (1921, 22, and 23) proposed the same 
explanation for the decrease in d. c.-resistance after mechanical treat- 
ment of the skin and after conduction of d. c. through the skin (Eb- 
becke’s mechanical and galvanical reaction); the decrease in d. c.- 
resistance during the psycho-galvanical reflex should be due to a de- 
crease in polarization on the surface of the sweat glands (Gilde- 
siEiSTER 1915). As a basis for these assumptions, Gildemeister point- 
ed out that a simultaneous determination of the d. c.- and the a. c.- 
resistance of the skin (at frequencies above 840 cycles), before and 
after conduction of d. c. through the skin, showed a decrease in the 
d. c.-resistance, only (Galler 1912, Gildemeister 1915, Gilde- 
meister and ILvxifhold 1920). Since the a. c.-resistance which Gil- 
demeister regards as the real resistance of the sldn, determined by 
its electrolyte content, remained constant after d. c.-conduction, it 
must be considered impossible that a change in electrolyte content of 
the skin occurred in the above described case. Munk’s and Gartner’s 
interpretation is thereby considered disproved. 

However, after d. c.-conduction through the skin, Einthoven and 
Bijtel (1923) actually proved the existence of a decrease in the a. c.- 
resistance of the skin at frequencies below 840 cycles, but not at higher 
frequencies. The same observations w^re made by Rosendal (1940) 
after moistening of the stratum corneum with an electrolyte. These 
results may be explained by the fact that the a. c.-resistance of the 
skin at frequencies above 500 — 1,000 cycles is almost completely ca- 
pacitive and is independent of a change in the electrolyte content. The 
a. c.-resistance at frequencies below' 500 — 1,000 cycles, however, has 
both a capacitive and an ohmic component which latter decreases 
with increasing electrolyte content of the sldn. It must, further, be 
emphasized that Gildejieister’s high-frequency a. c.-resistance (5,000 
cycles) of the skin in series with the internal tissue is predominantly 
due to the resistance of the internal tissue which is independent of 
the electrolyte content of the skin, while the low-frequency a. c.-re- 
sistance mainly originates from the skin. A change in the electrol^e 
content of the skin will therefore not be registered by a determination 
of the a. c.-resistance at frequencies above 500 — 1,000 cycl^ (Gilde- 
meister and his school), but exclusively by a determination of the 
low-frequency a. c.-resistance. Since, however, the last-mentioned re- 
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sisfcance shows a decrease after conduction of d. c. and after moist- 
ening with electrolyte (Einthoven and Bijtel, Eosendal), Munk’s 
and Gartner’s pre^’iously mentioned explanation is further supported 
and GiLDEjrEiSTER’s objection against it is invalidated. 

As mentioned above, Gilcemeister located the electric resistance 
of the skin to the stratum corneum and especially to all cell layers in 
the stratum germinativum, while Eein (1930) thought it localized to 
the stratum lucidum. Lewis and Zotterman (1927) demonstrated 
that the decrease in d. c.-resistance of the skin in Ebbecke’s galvanic 
reaction must be caused by a lesion of the stratum comeum and that 
the same decrease could be produced by pricking this layer with a 
needle. These investigations make a localization of the d. c.-resistance 
of the sldn to the stratum corneum probable. The same localization 
was found by Eosendal (1940) in the case of the a. c.-resistance at 
frequencies between 30 and 20,000 cycles^. 

In view of the differing interpretations given in the literature 
concerning the cause of the decrease in skin resistance after con- 
duction of d. c. and the localization of the d. c.-resistance in 
the skin, a number of new experiments were performed which 
might elucidate this question. 

Method. 

The electrodes. The most suitable electrodes were chosen in agree- 
ment with the conditions stated by Gildemeister (1915) and on the 
basis of some investigations concerning the d. c.-resistance as a func- 
tion of e. m. f. of the following electrode-electrolyte systems. The d. c.- 
resistance of the systems was determined at different potentials in a 
Wheatstone bridge with an error of about 1 per cent. 

1) Mercury-calomel electrode. 

a) Mercury-calomel electrode with an area of 1.7 cm® and a thick- 
ness of the calomel layer of 3 mm. 

b) Mercury-calomel paste electrode with an area of 1.7 cm® and a 
thickness of the mercury-calomel paste — saturated with KCl-solu- 
tion — of 1 cm. The paste was prepared by grinding in a mortar 2 cc 
mercury, 5 g of calomel and 3 cc saturated KCl-solution. 

c) Platinum-mercury-calomel electrode with an area of 2 cm®. The 
electrode was prepared as described by Biskupski (1938). 

Contact between two of the above described electrodes was ob- 
tained by means of a glass tube containing saturated ECl-solution 
with 2 per cent agar. The resistance of this tube amounted to about 
200 ohms. 

2) Silver-silver chloride electrode. 

a) Platinum-silver-silver chloride electrode with an area of n cm® 
prepared according to Brown (1934). 

* As regards the experimental technique and a number of other points con- 
cerning the conducting properties of the skin and the interna! tissue to a. c„ cf. 
Kosekdal ( 1940 ). 
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b) Silver-silver chloride electrode consisting of a silver plate 15 x 
1 X 0.1 cm, which was wound as a helix, 1 cm high and 2 — 2.5 cm in 
diameter. The silver helix was fastened to a silver wire, 5 cm long, and 
was then covered ivith silver chloride by electrolysis of a Yio N HCl- 
solution during 10 — 12 hours at a current of 10 milliamperes. The 
silver helix was then mounted in a cylindrical ebonite vessel with a 
basis of 7 cm= and a height of 2 cm. TJie lead went through the bottom 
of the vessel. Finally, the silver helix was covered by saturated KCl 
solution with 2 — 3 per cent agar. 

Three separate sets of silver-silver chloride electrodes were investig- 
ated. Their resistance was determined for the conduction in both di- 
rections (marked in the table: I, II) after immersion of the electrodes 
into a saturated KCl-solution. 

Table 1 shows the resistances of the above mentioned electrode- 
electrolyte systems measured at various potentials and, furthermore, 
the potential of the s^-stems themselves. 

Table 1. 

Resisfance values in ohms lo direct voltages between 1.32 and 19i0 

millivolts. 


! 

{ 

' Voltage 
' in mV. 

Mer- 

cury 

c.il- 

omcl 

elec- 

trode 

3[er- j 
cuty j 
cal- j 
omcl j 
paste 1 
elec- 
trode 

Plati- 

num 

mer- 

cury 

cal- 

omel 

elec- 

trode 

Plati- 

num 

silvcr- 

jigCl 

; 

Silver- 

AgCl 

1 

Silver- 

AgCl 

Silvcr- 

AgCl 

III 

III 

10 days 
later 

I 

II 

I 

11 

I 

II 


II 

1.32 


420 

190 










6.C5 

3840 

420 

780 

70 

6.4 

5.4 



15 

11 

11 

9 

; 13.2 

3 840 

422 

1370 

70 

5.9 

5.4 

4.5 

5 

14 

12 

14 

8 

i 64.5 

3 842 

419 

2 600 

50 

5.3 




10.5 

11 



‘ 113 

3 850 

419 

3300 

60 

5.3 


4.6 

5 

12 

11 

9 

8 

571 





5.2 

5 

4.4 


10 

10 

9 

8 

1940 





5.3 


4.4 


10 

10 

9 

8 

Voltage 





■ 


p 






in mV 













of the 




) 


p 







system 







1 




' 


itself 

0.4 


1 


0.3 


1.5 


0.4 


1 



Table 1 shows the high potential-independent resistance of the ca- 
lomel electrodes. Their high resistance must be ascribed to the calomel 
layer and therefore these electrodes are less suited for resistance mea- 
surements on the skin. The resistance of the platinum-mercury calo- 
mel paste electrodes is also potential-independent, but somewhat 
lower. The resistance of the platinum-mercury-calomel electrodes is 
to a great extent dependent on the voltage. Hence, this electrode — 
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in the form described by Biskxjpski (1938) — cannot be considered 
unpolarizable and is, therefore, unsnitable for biological measure- 
ments. Silverrsilver chloride electrodes show a very low resistance in 
both current directions and they are almost potential-independent. 
Consequently, these electrodes must be regarded as best suited for, 
resistance determinations on the skin. In the course of the investiga- 
tions, the electrodes have been tested repeatedly; resistance and volt- 
age of the system itself were found to be constant and of the magni- 
tude given in the table. As the resistance of the object of measure- 
ments — viz. the skin — has been above 1,000 ohms in almost all 
experiments, and since the voltages applied were above 100 milli- 
volts, the influence of the electrodes upon the determination of the 
resistance of the object was less than 1 per cent. 

The measurements. Part of the experiments concerning the con- 
ducting properties of the skin to direct current were performed as 
current determinations; the error involved was less than 1 per cent in 
a circuit consisting of a kno\vn source of e. m. f., a galvanometer, and 
the object of measurements. The object in the present case was a sil- 
ver-silver chloride electrode in an ebonite cylinder (7 cm^) — 1 per 
cent KCl-solution or saturated KCl-solution as contact electrolyte — 
the sldn on the volar side of a person’s forearm which rests upon the 
electrode — the internal tissue of the same arm, the thorax, and the 
other arm — and, finally, the skin of the arm which is immersed until 
the elbow into a vessel containing 1 per cent KCl-solution into which 
the other silver-silver chloride electrode is also immersed. Since the 
immersed region of the skin is of a far larger area than the region 
which is in contact -ivith one of the polarization-free electrodes (7 cm®), 
the resistance of the first mentioned will be very low. The resistance 
of the object of measurements will therefore almost exclusively be 
determined by the resistance of the 7 cm® of skin, since the resistance 
of the electrode and of the contact electrolyte can be disregarded. In 
agreement with this fact, most experiments showed a resistance of 
the object of measurements higher than 10,000 ohms at 2 volts. After 
removal of the stratum corneum of the 7 cm® of skin — where the skin 
resistance is located — the same object of measurements showed a 
resistance of about 600 ohms at 2 volts. The last mentioned resistance, 
which is exclusively that of the internal tissue and of the immersed 
area of the skin, is further independent of potential, variations of the 
direction of current, and of the time of conduction. Therefore, the present 
method enables us to measure the d. c.-resistance of a known skm area. 

In some experiments, the object of measurements was 2x7 cm® 
skin area on the volar side of a forearm resting on 2 silver-silver chlo- 
ride electrodes at a distance of about 5 cm, connected by the internal 
tissue of the forearm, the resistance of which is 200 — 300 ohms. The 
resistance of this object was measured with an error of less than 1 
per cent in a "Wheatstone bridge. 

When studying the time dependence of the current, the d. c. was 
registered by means of an electrostatic oscillograph (resonance period 
1/3,000 sec) and a d. c.-amphfier (Bctchthal and Nielsen 1936). 
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In another series of experiments, the d. c, was overlaid by a. c. 
with a frequency of 200 cycles. The a. c.-amplitude was registered as 
a fimction of time by means of an oscillograph and a d. c.-amplifier 
and was compared with the amplitude of a. c. of the same frequency 
over a known ohmic resistance. Further, an a. c. with a frequency 
of 1,000 cycles was overlaid by the d. c. through the above mentioned 
object of measurements. By means of two d. c.-amplifiers, the alter- 
nating current and -voltage were then via an electronic switch (Phi- 
lips) introduced into a cathode beam oscillograph where the standing 
picture was photographed. The variation with time of the current 
amplitude was registered and the phase shift relative to the constant 
amplitude of the alternating voltage was determined. 


Experimental results. 

1) Variatio7}s from day to day, individtial aiid regional variatioiis 
of the shi7i resistance to direct ciirroit. 

In order to elucidate the individual and regional variations 
of the sldn resistance, the d. c.-resistance to anodic conduction 
at 2 volts was determined on the volar side of the forearm over 
a period of G days on the same region of the sldn. It was further- 
more determined on 6 different persons and on different regions 
of the same person. The resistance of 7 cm® of the skin at 2 volts 
and 111 KCI-soIution as contact electrolyte varies between 
70 X 10® and 485 X 10® ohms on one person and between 40 X 
10® and 200 X 10® ohms on the other. 

In different individuals the resistance of 7 cm® of the skin at 
2 v’olts and 1 per cent KCl-solution as contact electrolyte varied 
between 5 X 10® and 250 X 10® ohms. 

The regional variation is shown in’ table 2. 

Table 2. 


Begicnal variation of the d. c.-resistance in ohms of 7 cm- of the 
shin at 8 volts and 1 per cent KCl-solution as contact electrolyte. 


K. 'W. o' 21 years 

Proximal 

Middle of 

Near the 

Upper arm 

left arm 

to irn'st 

forearm 

elbow 

Resistance in obms at 
2 volts 

2200 

82 000 

160000 

9000 


The experiments show the great difference in the d. c.-re- 
sistance of the skin at 2 volts on the same person from day to 
day and on different re^ons, and moreover the great individual 
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variations. The variations in the d. c.-resistance of tlie skin must 
be ascribed to variations in the stratum corneum (cf. section 2) 
of different persons, of the different regions, and of the same 
region from day to day. 

These variations in the sldn-resistance make it necessary that 
studies on the interdependence of skin resistance and voltage, 
direction of current, and properties of the contact electrolyte 
are performed on the same region of the skin and are compared 
only with resistance values determined in the same experiment. 

2) Localization of the d. c.-resistance. 

In recent investigations (Rosendal 1940) it was shown that 
the a. c.-resistance of the skin at frequencies between 30 and 
20,000 cycles is exclusively located in the stratum corneum. This 
was made eAudent by the decrease in a. c.-resistance of the skin 
to 0 ohm after abrasion of the skin with emery paper. Histolog- 
ical investigations of the abraded skin region showed further 
that the lesion was only located to the stratum corneum and 
not to the stratum germinativum. 

In the following experiments, the d. c.-resistance was deter- 
mined before and after abrading the skin wth emery paper in 
the same way as in the above mentioned a. c.-experiments. The 
lesion is a maceration of the stratum corneum only, without in- 
juring the corium and without bleedings. The depth of the lesion 
has not in this case been determined microscopically; as earlier 
investigations (Rosendal 1940) had shown that the abrasion 
here applied only injured the stratum corneum, it is justified to 
locate the present lesions to the same layer. Table 3 contains the 
figures obtained on two persons. 

These experiments illustrate the decrease in d. c.-resistance 
after lesioir of the stratum corneum to a value which is of the 
same order of magnitude as that found recently for the a. c.- 
resistanee of a corresponding object (Rosendal 1940). 

Ill agreement with Lewis and Zotterman (1927), it is thus 
shown that the d. c.-resistance of the skm as well as its a. c.-resist- 
ance arc located exclusively in the stratum corneum, while the 
stratum germinativum conducts an electric current as does the 
internal tissue. Moreover, the resistance of the internal tissue, 
either between two skin areas or from one skin area to the other 
arm or leg immersed into KCl-solution, is independent of the 
voltage and of the direction of current. As this resistance is also 
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Table 3. 

D. c.-resistance in ohms of 2 X 7 enr of the shin before and after 
abrasion of the shin with emery paper. 

(1 per cent KCl-solution as contact electrolyte.) 


1 

1 

i 

Before 

abrasion 

; 

1 Direction 

! of 

1 enrrent 

r 

After abrasion 

1 

Test-person | 

Resistance 

Resistance in 

ohms at 

i 

\ 

\ 

in ohms at 

2 volts 

0.154 0.224 

volts volts 

1 

1.14 
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independent of the kind and of the concentration of the contact 
electrolyte, and as it is small compared t\'ith tlie resistance of the 
skin, it may he disregarded in the following e.vperiraents. 

3) Dependowe of the d. c.-resistance on the moistening of the skin 
with electrolyte. 

The studies on the influence of moistening of the stratum 
corneum cither with 1 per cent KCI-solution or with saturated 
KCl-solution were performed on 10 persons of both sexes. The 
d. c.-resistance was measured at different potentials between 
0.129 and 2 volts. The region investigated was the volar side of 
the persons’ forearm. The resistance was measured during up to 
CO min, of anodic and cathodic conduction. In some experiments, 
the direction of current was reversed after 1 min. or after 2 min.; in 
other experiments, after 5 — 10 sec or after 2 min., and the current 
was then interrupted for 5 min. in between every determination. 

All experiments revealed a \mry marked decrease in d. c.-re- 
sistance of the skin, most pronounced after the first 10 minutes 
of moistening. After the lapse of 30 min,, the resistance approxi- 
mates a constant value which is 5 to 10 times as low as the initial 
value and which corresponds to a saturation of the stratum cor- 
neum "with electrolyte. The decrease in resistance is greatest 
after moistening of the skin with saturated KCl-solution. Some 
curves of resistance decrease or current increase, respectively, 
are given in fig. 1. 
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Fig. 1. Dependence of the skin resistance on moistening wdth electrolyte and 
on conduction of d. c. at 2 volts. 

Ordinates: left, resistance in ohms, right, current in mA. Abscissae: Time in min. 

Curve I: 2 X 7 cm’ of skin area, 1 per cent KCl-solutidn. 

Curve II: 2 X 7 cm’ of skin area, saturated KCl-solution. 

Curve III: 2x7 cm' of skin area, 1 per cent KCl-solution. 

Curve IV: 7 cm’ of skin area, 1 per cent KCl-solution. 

Curve in -was registered after -washing of the skin -with distilled -water, and 
should ho compared -with curve II. In curves I, II, and in, the skin resistance 
-to anodic and cathodic conduction for 1 min. -was determined, ho-e’over, only the 
first mentioned is plotted in the curves. In curve IV, the skin resistance -was dc- 
■termined after 6 sec. of conduction and at 5 min. intervals in bet-wcen every do- 
■termination. 

The decrease in skin resistance is presumably due to an in- 
crease in the electrolyte content of the stratum corneum. This is 
made probable by curve III which represents the increasing 
resistance obtained after the saturated KCl-solution (experiment- 
al curve II) had been washed off from the stratum corneum with 
distilled water. This explanation is further supported by experi- 
ments in which the sldn was moistened for 20 min with saturated 
KCl-solution. In these experiments, an increase in d. c.-resistance, 
of the sldn at 2 volts from 10,000 ohms to 18,000 ohms and 19,000 
ohms, respectively, in the course of 12 — 14 min. was found when 
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the saturated KCl-solution -was replaced by 1 per cent KCl- 
solutiou as contact electrolyte. 

When an e. m. f. above 2 — 4 volts is applied after the resistance 
has become constant, a further decrease in the sldn d. c.-resistance 
can be observed. The value then obtained approximates the re- 
sistance of the internal tissue. However, this decrease must be 
due to a short-circuiting of the stratum corneum, as will be dis- 
cussed in a later section (p. 141). 

The experiments described on the foregoing pages indicate 
that the d. c.-resistance of the skin depends to a high degree on 
the electrolyte content of the stratum corneum. The investiga- 
tions of the interdependence between skin resistance and mag- 
nitude of the direct voltage, direction of current, and time of 
conduction therefore involve a considerable error, if the measure- 
ments are performed immediately after the electrode is applied. 
This error can be avoided when the measurements are performed 
after moistening of the stratum corneum with contact electro- 
lyte for 10 min. 

4) The dependence of the shin resistance on the direct voltage. 

In order to elucidate the voltage-dependence of the sMn re- 
sistance, the d. c.-resistance in ohms was determined on 7 cm® 
of sldn on the forearm at an e. m. f. varying between 0.129 and 
2.57 volts and with a 1 per cent KCl-solution as contact electro- 
lyte (fig. 2). The resistance was determined for anodic conduc- 
tion and, subsequently, for cathodic conduction, each during 
1 min. The resistance determination was performed immediately 
after application of the electrode and was repeated twice at dif- 
ferent voltages in the course of 26 min. 

In the first experiment (group of curves I), the resistance to 
anodic and cathodic conduction decreases with increasing e. m. f. 
from 0.129 to 2.57 volts, if the resistance is measured immediately 
after application of the electrode. However, the decrease in re- 
sistance is no real expression of the voltage-dependence, but must 
be ascribed to a moistening of the stratum corneum with 1 per 
cent KCJl-solution (cf. p. 137). On repeating the experiment 
(group II), the resistance is found considerably lower and the 
voltage dependence disappears in the case of anodic conduction. 
The reproducible interdependence between voltage and resistance 
is found after the lapse of 20 min (curves of group III). With 
increasing voltage from 0.129 to 2.57 volts, the curve indicates 
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Fig. 2. The dependence of the resistance on the voltage. 7 cm® of skin and 1 
per cent KCl-solution as contact electrolyte. 

Ordinates: resistance in ohms in a logarithmic scale. Abscissae: potential in 
volts. O anodic conduction. • cathodic conduction. The time of the resistance 
determination after application of the electrode in min. is given above or beneath 
the curves. 

an increasing resistance to anodic conduction from 8,200 ohms 
to 13,000 ohms while the resistance to cathodic conduction de- 
creases to 4,000 ohms. 

The voltage dependence of the skin resistance at higher volt- 
age is represented in fig. 3. After moistening of the skin with 
saturated KCl-solution for 20 min., the resistance was determined 
for anodic and cathodic conduction, during 1 min. each, and at 
potentials between 0.2 and 12 volts. The voltage dependence 
between 0.2 and 2 volts was measured in 3 groups of experi- 
ments, in the figure marked I, II, III. The voltage dependence 
up to 12 volts was determined in 2 series of experiments, marked 
III and IV. 

The increase in resistance in the case of anodic conduction and 
the decrease vith cathodic conduction are reproducible as long 
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Fig. 3. Voltage dependence of the resistance of 7 cm® of skin moistened for 20 

min vith saturated KCl-solution which serves also as contact electrolyte. 

Ordinates: resistance in ohms. Abscissas: potential in volts. O anodic con- 
duction. • cathodic conduction. At the arrow, the person felt pain in the skin 
region investigated. 

as the e. m. f. does not exceed 2 volts (fig. 3, curves I, II, III). 
At further increase of the voltage (curve III), tlie resistance 
both to anodic and to cathodic conduction decreases. On repeating 
the experiment (curve IV), the increase as well as the decrease 
in resistance almost ceased, both values now approaching one 
another and being almost independent of voltage. The decrease 
in resistance at e. m. f. above 2 volts is accompanied by a marked 
feeling of pain in the sldn, which becomes stronger vith increasing 
e. m. f. Simultaneously, the respective regions become hyperaemic. 

The experiments described above reveal a difference in the 
interdependence of skin resistance and voltage for anodic or 
cathodic conduction, respectively, at e. m. f. up to 2 volts. Above 
2 volts and for both directions of current, the difference dis- 
appears, since the skin now behaves like a low ohmic resistance 
of a magnitude which corresponds to the resistance of the in- 
ternal tissue. This decrease in resistance is probably due to a 
short-circuiting of the stratum corneum at voltages above 2 
volts. The feeling of pain and the hj^eraemia might be correlat- 



142 


THOMAS ROSENDAL. 


ed -witli tlie formation of Mstamin in the skin (cf. Kosenthal 
and Minard’s (1939) studies on Mstamin formation and feeling 
of pain during electrical stimulation of the slrin). 

5) The dependence of the shin resistance on the direction of current. 

As shown in fig. 3, the sldn resistance is Mgher during anodic 
than during cathodic conduction through the same region of 
the sldn. The difference depends on the voltage and amounts 
to 350 ohms at 0.2 volts, to 2,600 ohms at 2 volts; at 10 volts, 
however, the difference is 100 ohms, only. 

Fig. 4 exhibits further evidence for this observation. The ex- 
periments reveal that the resistance to anodic conduction at 2 volts 
is about 60 — 100 per cent higher than the resistance to cathodic 
conduction, irrespective of the initial direction of conduction, 
and independent of the duration. The difference is greatest in 
the case of saturated KCl-solution as contact electrolyte. This 
phenomenon was observed on different regions of tbe forearm 
and on 10 different persons. 

Fig. 5 shows clearly that this phenomenon just as the other 
d. c.-conduction phenomena must be located in the stratum 
corneum. The sldn resistance to anodic and cathodic conduction 
was determined before and after abrasion of the stratum corneum 
with emery paper, and the difference in resistance was found to 
vanish as soon as the stratum corneum was injured. The same 
apphes Avhen the stratum corneum is short-circuited by e. m. f. 
above 2 volts (cf. fig. 3, p. 141). 


• 10^ Ohm s mA 



Fig. 4. Dependence of the resistance on the direction of conduction at 2 volts. 
7 cm’ of skin moistened for C min vrith I per cent KCl-solution (I) and with sat- 
urated KCl-sdlution (II) and (III). Experiment II begins with anodic conduc- 
tion, experiment m with cathodic conduction. 

Ordinates: left, resistance in ohms; right, current in mA. Abscissae: time in 
min. O anodic conduction. • cathodic conduction. 
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rig. «. The rcsistnnco of 7 cm’ of skin nnd the internal tissue before (I) and 
after (II) abrasion n-itb craerj' paper, and after further abrasion (III). 

Ordinates: left, resistance in ohms; right, current in mA. Abscissae: time in 
min. O anodic conduction. • cathodic conduction. 

The time de-pcndence of the skin resistance to anodic and ca- 
thodic conduction (2 min in each direction) "was investigated 
parti}’ by registering the current b}’’ means of a galvanometer 
(sensiti\n.ty 10“® Amp), partly by registration of the potential 
difference with an electrostatic oscillograph. Fig. 6 shows a con- 
tinuous increase in resistance to anodic conduction and a rapid 
decrease in resistance during cathodic conduction. "WTien the 
anodic and cathodic conduction are contimied more than 2 min, 
respectively, the resistances approach a constant value. 

In some other experiments, the d. c. through the object was 
overlaid by a. c. with a frequency of 200 or 1,000 cycles. Also 
at low frequency a, c. the resistance — which has an ohmic re- 
sistance component — was found to vary in the same sense as 

rfO^Ofims mA 



ITig. 0. Time dependcnco. of the resistance at 2 volts of 7 cm’ of skin moistened 
for 20 min vith saturated KCl-solution. 

Ordinates: left, resistance in ohms; right, current in mA. Af^jaissae: time in 
sec. O anodic conduction. # cathodic conduction. 
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the d. c.-resistance Mdth the time of anodic as well as cathodic 
conduction. The a. c.-resistance at 1,000 cycles which is almost 
exclusively a capacitive resistance did not show any variations. 

6) Investigations of the pH of the contact electrolyte before and after 

conduction of d. c. through the skin. 

Rein (1926) found that anodic conduction of d. c. through 
the skin caused an increase in pH of the contact electrolyte. 
During cathodic conduction, the pH decreases in the case of 
males and increases in the case of females. Rein has given no 
details concerning the pH of the electrolyte before the experi- 
ments or whether application of the electrolyte on the sldn changed 
its pH. 

In order to elucidate these phenomena, the pH of the contact 
electrolyte ivms determined before and after application of the 
electrolyte on the skin and, further, before and after anodic and 
cathodic conduction of d. c. 

The pH was measured by means of a glass electrode and a 
valve voltmeter; the error of this determination did not exceed 
0.03 in the pH value. (Only Jena glass was used). 

The pH of 4 CO of a 1 per cent KCl-solution was measured be- 
fore and after standing on the volar side of a forearm. The liquid 
with a mean pH of 5.73 was kept in a cylindrical vessel with a 
contact area of 7 cm^. 14 experiments on 4 persons showed a 
mean decrease in pH of 0.76, to a mean constant value of pH 
4.97, when the pH was measured up to 45 min after standing. 
The change in pH is most considerable during the first 20 min 
of standing. 

The decrease in pH of the contact electrolyte is not due to 
an escape of COs from the skin into the electrolyte; furthermore, 
an increase in pH of the contact electrolyte was found after 
cleaning of the skin ivith water, soap, and alcohol in two cases. 
These observations might indicate that the decrease in pH after 
standing of the electrolyte in contact with the skin is caused by 
acid substances liberated from the sldn. This explanation is in 
agreement with Schade and Marchionini’s (1928) investiga- 
tions, who found the mean pH of the skin surface to be 3.78. 

These observations indicate that the variations of the pH 
after conduction of d. c. through the sldn can first be determined 
after the pH of the contact electrolyte has reached a constant 
value in the course of 20 — 30 min. 
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Table 4 contains tbe pH values before and after anodic and 
catbodic conduction of d. c. at voltages up to 10 volts tbrougb 
7 cm® of skin on tbe volar side of 4 persons’ forearms. Tbe pH 
values given in tbe table were obtained before and after tbe pH 
value of tbe solution bad become constant after standing in 
contact with tbe skin for 20 — i5 min. At tbe highest voltage, 
tbe current did not exceed 1.65 mA. The last column of tbe table 
shows tbe maximum change in pH of every indmdual experi- 
ment after conduction of d. c. 


Table 4. 

pH of the electrolyte in. contact with the skin before and after 

conduction of d. c. 


Person 

Electro- 

lyte 

pH 

before 

experi- 

ment 

pH 

after 

pH after 5 min of d. c.-condnc- 
tion 

Max- 

imtim 

change 

in 

pH 

— 40 
min of 
stand- 
ing 

anodic 

cathodic 

mA 

EB 



ig 

m 

10 V 


sat. KCl 












6 cc 

4.97 

5.22 

5.27 







+ 0.06 


do. 

5.09 

4.98 

4.91 







-0.07 

T. E. 

do. 

4.71 

4.91 

4.89 



4.88 




-0.03 

left 

forearm 

1% KCl 












4 cc 

5.48 

5.08 

5.08 

5.12 






+ 0.09 


do. 

5.94 

4.89 

4.87 

4.89 





1 

0 


do. 

5.66 

4.88 




4.88 

4.88 

4.83 

1.66 

- 0.06 

H. F. 

do. 

5.80 

5.49 



5.43 

5.42 

5.40 


1.35 

— 0.09 

right 












forearm 












L. L. 

do. 

5.89 

5.67 

5.68 



5.63 



0.B6 

— 0.04 

right 

forearm 

do. 

5.71 

5.74 

5.73 



5.74 



0.95 

— 0.01 

R. E. 

do. 

6.67 

5.68 

5.61 



5.64 




-O.07 

forearm 








Mean value 

+ 0.05 


It can be seen from tbe table that tbe highest variation in pH 
of tbe contact electrolyte is 0.09, tbe mean variation being 0.05. 
During anodic conduction, tbe pH value increased in 2 experi- 
ments, decreased in 5 experiments, and remained unchanged in 
one experiment. In tbe case of catbodic conduction, tbe pH de- 
creased in 5 experiments and remained unchanged in one experi- 
ment. 

As a result of tbe pH determinations it was found that electro- 
10 — 524075. Ada phys. Scandinav. Tol. 5. 
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lyte in contact with, the sMn changes its pE from about 6.73 to 
4.97 in the course of 46 min. Conduction of d. c., however, is of 
no appreciable effect on the pH of the contact electrolyte. 

Discnssion. 

The experiments described above confirm Lewis and Zotter- 
man’s (1927) locaHzation of the d. c.-resistance of the skin to the 
stratum corneum and they are also in agreement with Eosen- 
dal’s (1940) locahzation of the a. c.-resistance of the skin to the 
same layer. In contrast to the view held by most of the previous 
investigators — Gildemeister and his school — , the various con- 
ductivity phenomena must be located in the stratum corneum. 
The assumption can no longer be maintained that the d. c.-re- 
sistance of the skin is an apparent resistance due to polarization 
corresponding to the cell membranes in the hving cell layers of 
the stratum germinativum. 

Presumably, the d. c.-conduction through the stratum cor- 
neum occurs through the excretory ducts of the sweat glands 
or the sebaceous glands and along the hair sacks; this was made 
probable by Kein’s investigations (1926) concerning the trans- 
port of coloured cations and anions (methylen blue and eosin) 
through the sHn. However, the probability exists that an ion 
migration also takes place directly through interspaces between 
the horny cells of the stratum corneum. The cause of the large 
individual and regional difference in the d. c.-resistance of the 
sldn might be found in variations of the length, dimensions, and 
electrolyte content of these channels through the stratum cor- 
neum. 

The decrease in d. c.-resistance of a sldn area of 7 cm® either 
after a lesion of the stratum corneum by abrasion with emery 
paper or by short-circuiting at an e. m. f. above 2 — 6 volts is 
due to the formation of electrolyte-filled low ohmic shunt re- 
sistances in the stratum corneum which form a contact with 
the well-conducting internal tissue through the living cell layers 
of the stratum germinativum. It is natural to explain the de- 
crease in the d. c.-resistance after Ebbecke’s mechanical and 
galvanic reaction in the same way. Ebbecke’s galvanic reaction 
(1921) was accompanied by a dilatation of the vessels, which 
Ebbecke ascribed to a formation of dilating substances during 
the passage of d. c. through the skin. On the basis of Bosen- 
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THAii and Minabd’s (1939) investigations it may be assumed 
that tbe dilatation of the vessels and the feeling of pain which 
appear in the respective sMn area at potentials above 2 — 6 volts 
are caused by the formation of histamin during the passage of 
d. c. through the sldn. 

Moistening and conduction experiments show the significance 
of the electrolyte content of the stratum corneum for the d. c,- 
resistance of the sldn, in agreement with earlier observations 
when low-frequency a. c. was applied (cf, p. 131). 

The increase in electrolyte content of the stratum corneum in 
the course of the conduction also explains the hysteresis phenom- 
enon (cf. p. 130) wliich G-ildemeister assumed to be caused 
by a change in polarization of the living cell layers. 

Finally, the increasing electrolyte content of the stratum cor- 
neum due to moisture and conduction of d. c. may explain the 
decrease in d. c.-resistance of the sldn during anodic and cathod- 
ic conduction which appears with increasing voltage up to 2 — 4 
volts. In the recent literature, even in Schaefer’s book on electro- 
physiology (1940), the decrease in skin resistance with increasing 
voltage is interpreted as a reduced polarization of the skin at 
higher voltages. However, this interpretation is erroneous, and it 
would also be a misinterpretation to consider the decrease in 
resistance at voltages above 2 — 6 volts, which are due to a short- 
circuiting of the skin, as an expression of reduced polarization. 

The voltage dependence of the skin resistance determined 
after moistening of the stratum corneum with 1 per cent KCl- 
solution or saturated KCl-solution shows — in contrast to earlier 
investigations — that the resistance to anodic conduction in- 
creases with increasing potential up to 2 — 4 volts, while the re- 
sistance to cathodic conduction decreases. The difference between 
the resistances in both directions approaches zero at 0.1 volt, 
while at 2 volts the difference can exceed 100 per cent of the 
resistance to cathodic conduction. The difference in resistance 
to the two directions of current is an expression of a polarity 
of the stratum corneum to d. c. The polarity is independent of 
the initial direction of the current and it increases with time 
during conduction in both directions, since the resistance de- 
creases or increases, respectively, until a constant value is ob- 
tained after 2 — 3 min of conduction in each direction. A polarity 
was also found in the case of a. c. of a frequency of 200 cycles 
where the resistance is partly an ohmic, partly a capacitive re- 
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sistance; it could, however, not be found at 1,000 cycles when 
the conduction is only capacitive. 

Rein (1926) found a similar difference in sMn resistance to 
anodic and cathodic conduction when 1/100 m or 1/10 m KCl- 
solutions were applied as contact electrolyte. He interpreted the 
difference as an expression of a change in polarization of the skin 
after reversion of the current. 

According to investigations of the polarity of organic mem- 
branes (Bethe and Toropoff 1914, 1916, Michaelis and cowor- 
kers 1925 — 27, Freundlich 1930, and Hober 1936), an electro- 
negatively charged membrane is mainly permeable to mono- 
valent anions. The polarity can be reversed by re-charging the 
membrane. In the case of an electronegatively charged, water- 
free collodion membrane, Bethe and Toropoff observed an 
alkali formation on the anode side, and a formation of acid on 
the cathode side of the membrane after conduction of d. c. 

Rein (1927) has put forward the view that the membrane 
effect of the skin must exclusively be located to the stratum 
lucidum and that it is due to a negative charge of this layer; 
the membrane should, further, be more permeable to anions 
than to cations, and the outward migration of anions should 
be more difficult than the inward migration. Rein refers to the 
fact that water permeates the skin cathodically when the anode 
is placed on the outer side of the epidermis and the cathode on 
its inner side. However, the opposite direction of conduction 
has not been studied. Rein points out further that the living 
cell layers of the stratum germinativum and the hair follicles 
are better stained by basic methylen blue with a staining cation 
than by acid eosin with a staining anion. Since, however, the 
stratum corneum is not stained by any of these substances, 
the experiments do not give any information concerning the 
electric conduction of this layer, but they show only that the 
stratum germinativum is best stained by methylen blue. Finally, 
Rein mentions the observation previously discussed of an al- 
kali formation in the contact electrolyte beneath the anode after 
conduction of d. c. through the skin, and this is considered to 
indicate that the sldn is negatively charged; Bethe and Toro- 
poff’s investigations of the pH variations on each side of an 
electronegatively charged collodion membrane are taken to sup- 
port this view. However, the writer’s investigations do not con- 
firm Rein’s change in pH of the contact electrolyte after conduc- 
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tion of d. c. through, the skin; therefore, and moreover in view 
of the above discussed objections, it is the writer’s opinion that 
tbe conditions determining the electric charge of the skin are 
not yet elucidated. 

This view-point is supported in a paper by Brauner (1930), 
In the case of an electronegatively charged, non-living, semi- 
permeable membrane, Brauner found the opposite polarity for 
d. c. to that in the sldn, and he explained this effect by a pH 
variation in alkaline direction on the anode side and in acid di- 
rection on the cathode side. As a membrane, he used the seed- 
coat of the horse-chestnut. The d. c.-resistance of this membrane 
at 2.0 volts and during cathodic conduction is 315 per cent of 
the resistance during anodic conduction, when h* N K 2 SO 4 -S 0 IU- 
tion is used as an electrolyte on each side of the membrane. Since 
the polarity of this membrane to d. c. is opposite to the polarity 
of the skin, we cannot for them both expect the same change in 
pH on the anode- and cathode side of the membrane as a cause 
of their polarity. Consequently, it must be assumed either that 
this explanation is erroneous, or that the skin is not electronega* 
tively charged. 

Also other facts seem to indicate that the electric charge of 
the stratum corneum is more complicated than assumed by 
Eein. Schajde and Marchionini’s (1928) observation of an acid 
reaction on the sxirface of the skin are in favour of an electro- 
positive charge on the outer side of the stratmn corneum. The 
same authors found an alkaline reaction (pH 7.44) after lesion 
of the epidermis which might indicate an electronegative charge 
on the inner side of the stratum corneum. 

Apart from the electric charge of the stratum corneum, the 
ion size of the electrolytes on the outer- and inner side of the 
stratum corneum wiU be of importance, since the resistance to 
anodic conduction is determined by the migrating-in of the 
anions and -out of the cations, while the resistance to cathodic 
conduction is determined by the opposite transport. This view 
has been further supported by preliminary experiments in which 
solutions with large and small anions, respectively, and different 
cations were used as contact electrolytes. It was found that 10 
per cent sodium benzoate solution and 10 per cent sodium citrate 
solution as contact electrolyte annulled the difference in skin 
resistance to anodic and cathodic conduction, while 1 per cent 
NaCl led to a similar difference as 1 per cent KCl-solution, 
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Finally, also the concentration of the contact electrolyte is 
of importance, since the difference in skin resistance at the two 
directions of current increased from 45 per cent to 200 per cent 
when saturated KCl-solution was applied as contact electro- 
lyte instead of 1 per cent KCl-solution. 

It may, therefore, be assumed that the polarity of the skin 
to d. c, can be ascribed to the electric charge of the stratum cor- 
neum, however, also the type and the concentration of the con- 
tact electrolyte are of significance. 

The 'results from a closer study of these phenomena will be 
given “inr a later publication. 


Summary. 

The resistance to direct current (voltage 0 — 12 V) of a 7 cm® 
sldn area oh the volar side of the forearm has been determined 
under different conditions, using polarization-&ee silver-silver 
chloride electrodes. 

The skin resistance is almost exclusively located in the stratum 
corneum and decreases very markedly with increasing electro- 
lyte content of this layer. The conductivity of the stratum ger- 
minativum corresponds to that of the internal tissue which is 
rich in electrolyte, and behaves like a low ohmic resistance to 
d. c. 

On 7 cm® of sldn area, the stratum corneum shows polarity 
to d. c. at currents below 1 mA, since the resistance to anodic 
conduction increases with increasing e. m. f. up to 2 — 4 volts, 
while the resistance to cathodic conduction decreases. At volt- 
ages above 2 — 4 volts, the resistance to both directions of cur- 
rent decreases to a value which corresponds to the resistance of 
the internal tissue. This decrease in resistance is presumably due 
to a short-circuiting of the stratum corneum. The polarity of the 
stratum corneum, which is highest when voltages around 2 volts 
are applied, is brought into relation to a possible electric charge 
of the stratum corneum and to the type and the concentration 
of the contact electrolyte. 

The pH of the contact electrolyte (4 cc 1 per cent KCl-solution) 
decreased after standing on the skin for 20 — 45 min to a mean 
value of 4,97, determined on 4 persons in 14 experiments. In 
contradistinction to Hein’s investigations, no change in the pH 
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of the contact electrolyte after anodic and cathodic conduction 
of d. c, through the sMn could be observed. 

My heartiest thanks are due to F. Buchthai, M. D., for sti- 
mulating adnce and helpful discussions in the course of this 
TTork. 
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By investigating the potential-differences occurring in vol- 
untary and reflex contraction an attempt has been made to con- 
tribute, amongst other things, to the elucidation of the mode of 
action of voluntary and reflex innervation. 

It might perhaps seem more natural to gather information 
about these matters by leading off the electrical phenomena 
directly from the central nervous system. But investigations of 
the action potentials of the individual muscle fibres during con- 
traction in response to cortical stimulation offer a possibility 
of studying a more localised activity in the motor areas of the 
cerebral cortex. When using the electro-encephalogram as an 
indicator of activity in the central nervous system, most investiga- 
tors have employed diffuse leadmg off from larger areas, and have 
thus obtained an interference picture ■which it is often difficult 
to correlate "with the function of the indi'vidual ganglion cell. 
Of recent years, however, some few investigations have been 
made with localised leads (microelectrode (Forbes)). 

A well-tried method is available for local leading off from indi- 
vidual muscle fibres in situ. And even though the results "will be 

* I am greatly indebted to Sir. E. Buchthal 51. D. for his valuable help during 
the preparation and execution of this -work. 

This ■work has been carried out with financial aid from the TVilliam Bendix 
and Sirs. Bendix Bequest. 
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more complicated, since the way from the cortex to the muscle 
fibre involves a number of unknown quantities, certain inferences 
may still be drawn with respect to the function of the individual 
ganglion cell. 

As is well known, the motor ganglion cell of the anterior horn 
of the medulla forms a motor unit together 'svith the axis cylinder 
and a number of muscle fibres ranging from 30 to 300 (Sherring- 
ton). The impulse frequency in such a motor unit is determined 
by the ganglion cell and is as a rule transferred without change 
of frequency to the muscle fibres, so that it will usually be pos- 
sible to determine from the action potentials in the individual 
muscle fibre the impulses issuing from the spinal ganglion ceU 
belonging to it. Exceptions to this rule are found in peripherally 
released muscle action potentials, e. g. in myotonic muscles and 
veratrin-poisoned muscles; in these special cases it is not possible 
to draw conclusions from the muscle action potentials as to the 
impulse frequency in the motor cells of the spinal ganglia. In- 
vestigations by Hoefer and Putnam (1939) and Buchthal and 
Clemmesen (1941) have shown that the indi\ndual motor units 
in normal muscles work independently of each other. These 
authors examined the simultaneous function in various parts of 
a muscle, leading off ^vith three different needle electrodes to 
three different amplifiers and three oscillographs, and only found 
transient synchronous activity from different fibres in normal 
muscles, while this was the rule in certain pathological conditions 
(neurogenous atrophy of spinal origin). In contrast ■with this, 
Seyffarth (1940) found a certain interdependence between the 
frequency of different motor units in normal muscles; as simulta- 
neous registration from different parts of the muscle was not 
made in these experiments, the value of this observation seems 
rather doubtful. 

The release of impulses from motor ganglion cells in the anterior 
horn may take place partly from the motor area of the cerebral 
cortex, partly hy the release of reflexes. It may then be asked 
whether conclusions can be drawn from the muscle action poten- 
tials as to the function of the motor cortex. Erom various quarters 
it has been pointed out (e. g. by Hoffmann 1928, Hoefer and 
Putnam 1939) that there is no direct connection between the 
frequency in electric cortical stimulation and the frequency of 
the muscle action potentials resulting from them, since even the 
smallest muscular contraction is accompanied by a reflex action 
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on the spinal ganglion cell, by wbicb the frequency of the muscle 
action potentials may be changed. Attention shoidd no doubt he 
paid to this fact; but, as -will appear from the sequel, certain 
conclusions may be drawn from the muscle action potentials as 
to the function of the central nervous system. 

Investigations on muscle contraction or muscle action poten- 
tials in response to chemical or electric stimulation of the motor 
area of the cerebral cortex have been made by a number of authors 
(inter alia Bertha 1927, Cuppers and Musch 1940, Dusser de 
Barenne 1929 — 41, and Sunbrerg-Trendelenburg-Voss 1928). 
Investigations of the action potentials of a single or some few 
muscle fibres, as is possible by means of a concentric needle elec- 
trode (Adrian and Bronk 1929), have, however, as far as we 
know, not previously been made during electric or chemical 
stimulation of the cerebral cortex. We have therefore in a series 
of experiments, partly on the waking animal, partly under super- 
ficial and deep anaesthesia, investigated the action potentials 
from the in^vidual muscle fibres during chemical and electric 
stimulation of the motor area of the cerebral cortex. 

Experimental Technique. 

Only adult rabbits both males and females were used for the experi- 
ments (weight 3 — SVz kg). The animal is placed on a heated operating 
table, the surface of which is covered with a copper plate connected 
to earth. Under quite superficial ether anaesthesia a large unilateral 
craniotomy is performed and one cerebral hemisphere exposed. The 
dura is split and turned back, and the brain is covered mth compresses 
saturated with body-warm physiological saline, which is not removed 
until the beginning of the experiment. — Now the extensors of the 
opposite forearm are exposed. By leading off from these muscles with 
a concentric needle electrode it wUl only be possible to register the action 
potentials of the single muscle fibre in very feeble contractions; with 
moderate and stronger contractions there will be some overlapping 
of potentials from the neighbouring fibres. In order to avoid this 
overlapping we partially cut through the muscle group proximally 
to the electrode as well as the motor nerve (cp. Adrian and Bronk 
1929). The musculature is covered with bodywarm saline compresses. 
The animal is left till wide awake (determined by means of the cornea 
reflex measured quantitatively with v. Trey’s Eeizhaare (irritating 
hairs) (JxruL 1940). The concentric needle electrode is connected to 
an amplifier a. m. Buchthal-Nielsen with a time constant of 1/10 sec. 
The action 'potentials are registered partly by means of a cathode ray 
oscillograph, partly by means of an electrostatic oscillograph. They 
could, in addition, be led off to a loud speaker so that during the whole 
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experiment tlie muscle action potentials could be beard or seen, as 
desired. In tbe experiments under anaesthesia the depth of the anaesthe- 
sia was determined quantitatively by means of the cornea reflex, with 
V. Fkey’s irritating hairs. The frequency of the recorded muscle action 
potentials as well as the time registration were measured with a measur- 
ing microscope. 

For electric stimulation of the motor area of the cerebral cortex 
sinus-shaped oscillations were employed from an impulsegenerator 
with frequencies from 6 to 5 000 cycles. At low frequencies, however, 
the shape of the currenr will be somewhat distorted by the transformer 
mentioned below. Two bent platinum electrodes c. mm distant from 
■each other, applied with slight pressure to the motor area of the cerebral 
cortex, were used for stimulation. To prevent stimulus escape shielded 
wires from the impulse generator were used, and a transformer was 
inserted before the stimulation electrode; finally good contact was 
made between the animal and the operating table, which was connected 
to earth, just as an electrode connected to earth was placed in the muscle 
proximally to the needle electrode. — Having localised the centre for 
the exposed muscle group in the cerebral cortex by electric stimula- 
tion, chemical stimulation of the motor cerebral cortex was performed 
by applpng a small piece of filter-paper (c. 1 sq. mm.) corresponding 
to this place, saturated Avith the solution we wished to investigate. It 
is of importance that upon exposure of the cerebral cortex as h’ttle 
bleeding as possible should occur, since extensive bleeding will greatly 
compromise these e.xperiments. 


Electric Stimulation of tlie Motor Area 
of tlie Cerebral Cortex. 

The experiments were made partly on non-anaesthetised rabbits, 
partly on rabbits under ether anaesthesia. 

a) On the Waking Animal. 

In a series of experiments we have tried to determine the 
threshold stimulus for the evocation of action potentials in the 
corresponding muscle groups by stimulation of the motor area 
of the cerebral cortex by electric impulses of varying frequency. 
With the experimental arrangement used, varying results were 
obtained from animal to animal, but it was still beyond doubt 
that a stimulation frequency of 70 — 100 cycles must be con- 
ceived as the optimal stimulation frequency for the form of current 
employed. In similar experiments Cuppers and Musch (1940) 
found an optimum at 70 cycles. The average threshold stimulus 
for the various frequencies will appear from Fig. 1. 
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In tills connection it may be of interest to recall that in previous 
experiments (Jtjul 1939) we have found that the threshold sti- 
mulus for the crossed extensor reflex by electric stimulation of 
n. ischiadicus with a sinus-shaped alternating current likewise 
has its optimum at a stimulation frequency of 70 — 100 cycles. 



Fig. 1. Tlireshold stimulus in volt for the evocation of action potentials in 
corresponding muscle groups by electric stimulation of the cortical motor area 

•with different frequencies. 

In connection with these experiments we noted that the muscle 
action potentials evoked by electric stimulation of the cerebral 
cortex often persisted for some time, up to several minutes, after 
cessation of the stimulus, even after the electrode had been removed 
from the cortex. Cuppers and Mtisen (1940) also mention this 
“after-activity”, which they found by direct observation of the 
muscle contractions. With the experimental arrangement used 
here this “after-activitj’^” could be registered, while simultaneously 
with the electric stimulation, in spite of extensive cutting of the 
motor nerve, we generally got so many different potentials that 
the frequency could rarely be determined with certainty; the 
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Kg. 2. After-activity after stimulation ■with 50 cycles. Time 1/100 sec. 


frequency and duration of the above-mentioned after-activity 
seem to be quite independent of the stimulation frequency em- 
ployed down to about 10 cycles; if a stiU lower stimulation fre- 
quency was used (e. g. 6 cycles), clonus occurred, corresponding 
to the stimulation frequency employed. If a higher stimulation 
frequency was used, the after-activity was registered with a 
frequency of muscle action potentials ranging from a few per sec. 
to 30 — 40 per sec. 

In order to decide whether this after-activity was of central 
or of peripheral origin (proprioceptive reflexes), the following 
experiments were performed. Direct stimulation of the motor 
nerve or the muscle itself produces no after-activity; this also 
applies to stimulation of the spinal cord after cutting of the 
posterior roots, whereas stimulation of the motor cerebral cortex 
after cutting of the posterior roots produced distinct after-activity. 
After injection of novocain-adrenaUn (Vs %) round the concentric 
needle electrode in the muscle, a distinct after-activity was like- 
wise seen upon stimulation of the cerebral cortex. Thus the after- 
activity is not due to 'profrioceftive reflexes, but must be of central 
origin, a conclusion which is also supported by the fact that it 
mostly disappears under light ether anaesthesia (see below). 


b) Under Ether Anaesthesia. 

Ether anaesthesia strongly affects the muscle action potentials 
during electric stimulation of the cortical motor area. The most 
steiking feature is the considerable inhibitory effect which the 
anaesthesia exercises on the action potentials. While, as aheady 
mentioned, constant action potentials were observed in the 
waking condition during the electric stimulation, and as a rule 
pronounced after-activity after cessation of the stimulus, this 
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Fig. 3. “Volleys” dtiring stinmlation -witli 20 cycles in light ether anaesthesia. 

Time 1/100 sec. 


affcer-activity often disappeared in quite superficial ether anaesthe- 
sia, and at the same time “rhythmisation” "was often observed 
during the stimulation, the action potentials occurring in groups 
(“clonus”). Under light surgical anaesthesia (cornea reflex absent) 
we often obtained merely such “volleys” of potentials with com- 
pletely free intervals (cp. strychnine in ether anaesthesia). Under 
deep anaesthesia these volleys as a rule diminished in frequency 
and finally ceased entirely. The frequency of the volleys occurring 
during anaesthesia was usually about 1 — 2 per sec., ^respectively 
of the stimulation frequency employed. To elicit the volleys, in- 
creasing intensity of stimulation was required with increasing 
depth of anaesthesia. Under deep ether anaesthesia it was as a 
rule impossible to evoke action potentials in spite of strong elec- 
tric stimulation of the cortex. Fig. 3 is an example of “volleys” 
under light ether anaesthesia. 


Chemical Stimulation of the Motor Area 
of the Cerebral Cortex. Strychnine. 

a) In the Waking AnimaL 

Strychnine nitrate in a 1 % solution was used and a filter 
paper saturated with strychnine was placed on the motor area 
of the cerebral cortex. After some minutes’ duration partly 
clonic, partly tonic contractions were observed in the corresponding 
muscle groups. The contractions as a rule lasted V 2 — 1 minute, 
they occurred repeatedly at about 6 minutes’ interval and some- 
times lasted for several hours. As a rule it was possible to limit 
the contractions to a particular muscle group or at least to a 
single extremity. 
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The registered muscle action potentials generally show a quite 
constant frequency, which, however, varies in the different fibres; 
this impulse frequency often persists for several minutes after the 
actual contractions have ceased (“central excitatory state” — see 
below). Shortly before the cessation of the action potentials a 
decreasing frequency is 

observed for a few sec- ~ '• • ? 


onds, after which the ac- 
tion potentials in accord- 
ance with the all-or-none 
principle disappear ab- 
ruptly, their roagnitude 
not decreasing but keep- ^ ! , 

ing absolutely uniform 

right up to the abrupt potentials in the -after-effect”, 

cessation (see Fig. 4). 

Sometimes pronounced rhythmisation was observed, the action 
potentials occtirring in groups (“clonus”), as a rule at intervals 
of 1 — 2 seconds; in certain cases there was complete rest during 
the intervals; in other cases a constant frequency of the action 
potentials with smaller deflections between “clonus” was observed. 
These smaller action potentials are probably due to neighbouring 
fibres. A “rhythmisation” such as that mentioned may also be 
seen in the electroencephalogram during strychnine action on the 
cerebral cortex (Dusser de Babenne 1941). Fischer and Loven- 
BACH (1934), when leading off from the area striata during strych- 
nine action, also found pronounced rhythmisation. In our experi- 
ments the magnitude of the action potentials varied from c. 0.1 
to 0.5 mV. 

In these experiments the frequency of the action potentials 
as a rule ranged around 15 — 50 per sec., but varied from c. 5 per 
sec. right up to over 100 per sec. In a single experiment we have 
even for barely 1 second measured an average frequency of 114 
per sec., and on a closer analysis of this case it was found that 
within 1/6 second the frequency rose from 72 to 100 to 118 and 
finally right up to 125 per sec. then falling again to 118 — 105 — 87 
and 63. Such a rise in frequency with an ensuing faU (“volleys”) 
was often observed; but only in this one case have we registered 
this considerable frequency (125 per sec.), which is considerably 
above the maximal frequencies of muscle action potentials pre- 
viously observed as initiated by central impulses. An investigation 
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of the iimervatioii frequency in normal muscles in voluntary 
contraction is only poasible in feeble contractions and there leak 
to a frequency of 5 — 20 per sec. (Adrian and Bbonk (1929), 
Smith (1934), Lindsley (1935), Jalavisto and others (1938)! 
In atrophic muscles, on the other hand, where the encroachment 
of neighbouring fibres is reduced, it is possible to register the fre- 
quency in maximal contraction, and the frequencies found there 
in voluntary contraction were 45 — 70 per sec. (Sbyffarth (1938), 
Buchthal and Clemmesen (1941)). 

Next we have investigated whether the strychnine contractions 
mentioned above were affected by calcium or quinine, substances 
which in recent years have been employed with success in various 
affections of the muscles, e. g. Myotonia (Harvey (1939), Bucn- 
thal and Clemmesen (1941)). Calcium was administered intra- 
venously as calcium gluconate (10 %), locally in the muscle around 
the electrode or imbibed in filter paper applied to the cerebral 
cortex hke strychnine. Quinine was administered in the shape of 
a 3 .% solution of quinine-hydrochloride in a similar maimer. No 
sure effect of calcium gluconate was observed, on the action poten- 
tials elicited from the muscles by strychnine, whereas 1/2 c. c. 
quininehydrochloride solution injected around the needle electrode 
caused a rapid decrease in the frequency of the muscle action 
potentials; after a few minutes the action potentials entirely or 
partially ceased, while peripheral stimulation of the muscle 
still elicited action potentials. The application of quinine to the 
cerebral cortex was without effect on the muscle action potentials. 
This agrees with previous investigations e. g. by Harvey (1939) 
who found that quinine has several different effects on the striated 
muscles. After a single stimulus it causes , increased contraction 
with a rise in the action potentials, while in tetanic contraction it 
reduces or does away with the transmission at the motor end plate, 
as will appear also from our experiments, since it prevents the 
transmission of the respective stimuH. 


b) Under Ether Anaesthesia. 

In a number of the above-mentioned strychnine experiments 
we investigated the influence of ether anaesthesia on the con- 
tractions. As a rule the visible contractions ceased already in 
light ether anaesthesia (corresponding to light surgical anaesthesia) 
(cornea reflex absent (C— 67)). As regards' the frequency of the 
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muscle action potentials registered in superficial anaesthesia, it 
is quite independent of the anaesthesia; hut verj often in super- 
ficial anaesthesia we saw rhythmisation of the action potentials 
in the shape of the above-mentioned clonus, the action potentials 
occurring in groups as “volleys” with rising and falling frequency 
and entirely free intervals of 1 — 2 seconds or more. Like the visible 
contractions the action potentials as a rule also disappeared in 
light surgical anaesthesia; by pinching the opposite extremity 
brief clonus could, however, sometimes be elicited again, reflexly. 
Under deep shrgical anaesthesia we have only exceptionally 
observed muscle action potentials. 

Picrotoxin and CardiazoL 

As in the strychnine experiments, we investigated the muscle 
action potentials after the application of picrotoxin (Va %) and 
cardiazol (10 %) to the motor area of the cerebral cortex 

Picrotoxin has practically the same effect as strychnine, though 
the effect of picrotoxin was slightly more feeble; thus the visible 
contractions were not very pronounced. Fischer and Loven- 
BACH (1934), leading off from the area striata during the action 
of h'ght on the eye, found that picrotoxin gives a very consider- 
able increase in the excitability of the cerebral cortex. 

With cardiazol ^^sible contractions were not obtained, though 
action potentials could be registered which often showed rhythmi- 
sation (clonus). The effect of cardiazol applied directly to the 
cerebral cortex is thus rather weak with the concentratian em- 
ployed. According to Schoen (1926), Winniwabter (1937), 
and Bertha (1927), this substance principally acts on the sub- 
cortex and the medulla; like ourselves, however, Fischer and 
Lovenbach (1934) also observed some effect on the cerebral cor- 
tex, for by leading off the action currents here they foimd them 
increasing in strength after cardiazol. 

Thus it would seem that the effect of strychnine on the cortex 
is essentially stronger than that of picrotoxin, while this again 
by far exceeds cardiazol in effect. 

Discussion. 

Our experiments with electric stimulation and in some degree 
also with chemical stimulation of the motor area of the cerebral 

11 — {24075. Acta phys . Scandinav . Vol . 5 . 
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cortex have shown, amongst other things, a very distinct after- 
activity which, in electric stimulation, could be demonstrated 
several minutes after cessation of the stimxilus. This afteractivity 
is, as shown by the experiments, of central origin. As is well known, 
the central nervous system is credited with the ability to discharge 
impulses of an excitatory as well as an inhibitory natme (“central 
excitatory and inhibitory state”); both inhibitory and excitatory 
nerves run to the smooth muscles, whereas no inhibitory nerves 
have been demonstrated to the striated muscles (Fulton (1938)). 
Excitatory as well as inhibitory impulses have been supposed to 
be released by chemical stimulation (Sherrington, Fulton (1926) 
and others). Such chemical stimulation have, however, never been 
demonstrated, and it is more reasonable to suppose that the func- 
tion of the central nervous system, similarly to that of the peri- 
pheral nerves, is associated with polarisation phenomena roimd 
the cell membrane. These phenomena may persist for several 
seconds or more after a single stimulus (Fulton (1938)) and such 
a theory is compatible with the long-lasting after-activity observed 
m our experiments. This after-activity can as a rule easily be 
brought to an end by anaesthesia, which was indeed to be 
expected in view of the extreme sensitivity of the cerebrum 
to anaesthetics. 

The frequency of the muscle action potentials does not seem 
to be dependent on the electric stimulation frequency employed, 
when the latter is 10 cycles or more. With the use of a lower 
stimulation frequency clonus of similar frequency was, however, 
found. 

As will appear from the experiments, strychnine produces a 
violent state of excitability in the motor area of the cerebral 
cortex. As shown by Adrian and Bronk (1929) in reflex experi- 
ments, the action potentials occur with a higher frequency in 
the individual muscle fibre the stronger the stimulation of the 
medulla is. Presumably it may be inferred from this that a very 
strong stimulation of the motor area of the cortex, as for instance 
with strychnine, must give high jBrequencies of the muscle action 
potentials. We have in fact often found a high frequency of the 
muscle action potentials in the strychnine experiments; as we 
mentioned above, as much as 125 per sec. We were never able to 
register such a considerable frequency in electric stimulation of 
the motor cortex. With certain reservations it would thus seem 
warranted to draw conclusions from the muscle action potentials 
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to tte activity of tlie cortex, even thougli a possible transformation 
of tbe impulse frequency issuing from the cerebrum in the anterior 
horn cells must be taken into account. 

The effect demonstrated from quinine (injected intramuscularly 
round the electrode) on the strychnine contractions agrees with 
the inhibitory influence on repetitive stimulation previously 
demonstrated as characteristic of quinine. 

The effect of cardiazol on the motor cortex was rather slight; 
it is well known that cardiazol, on subcutaneous injection, acts 
as an effective toxin to contractions (EbLDEBRANDT and others 
(1937)); but as already mentioned, the point of attack for cardiazol 
is principally subcortical and medullary, while in accord with 
our experiment-s the central effect on the motor cortex is rather 
slight. 


Sammary; 

1) We have performed local leading off by means of Adrian 
and Bronk's concentric needle electrode from the extensors of 
the forearm of rabbits during direct electric and chemical stimula- 
tion of the motor area of the cortex partly in the waking animal 
and partly under anaesthesia. 

2) By electrical stimulation of the cortical motor area agree- 
ment between the frequency of the muscle action potential and 
the frequency of the stimulation is only seen when the latter is 
below 10 cycles. 

3) In electrical as well as in chemical stimulation of the motor 
area of the corte.x a pronoimced after-activity was found, often 
persisting for several minutes. This after-activity is of central 
origin. 

4) The frequency of the muscle action potentials varies during 
electric and chemical stimulation of the cortex between 2 — 3 per 
second and c. 80 — 90 per second. During strychnine action a 
frequency of up to 125 per second was found. 

5) Quinine has an inhibitory effect on the muscle action po- 
tentials (the motor end-plate) produced by the action of strych- 
nine on the cortex. Calcium has no effect on the strychnine con- 
tractions. 

6) Bicrotoxin acts much the same as strychnine on the motor 
area of the cortex, while cardiazol in a 10 % solution has only 
a very slight central effect. 
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By 
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It appears that the rate of ripening of reticulocytes in vitro 
depends to a great extent on the medium in which the reticulo- 
cytes are suspended during the ripening experiments (Plum, 
1942). The reticulocytes can only ripen slowly when suspended 
in 0.9 % NaCl, but if they are suspended in plasma or in saline 
to which an organic extract has been added, the rate of ripetdng 
is increased and this increase, measured by the monomolecular 
constant for the reactions, is within certain limits in direct pro- 
portion to the concentration of these unknown substances that 
accelerate the ripening of reticulocytes. 

In this paper experiments wiU be given to determine the 
quantity of ripening substances in the plasma of various animals 
in relation to the number of reticulocytes normally present in the 
blood of the same animals. For th4 experiments I used rabbit 
blood cells from animals with pronounced reticulocytosis obtained 
by causing anemia through repeated blood-letting. As regards 
the technique and the experimental foundations on which this 
work is based I refer the reader to previous papers (Plum, 1942, 
Jacobsen and Plum, 1942). 

As it was found that the rate of ripening varied with the rabbits 
from whom the reticulocytes were obtained, a standard (previously 
described, Plum, 1942) was introduced in order to compare sim- 
ilar results, and all the rates of ripening found were related 
to that standard. A 1 % dilution of a commercial preparation 
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of liver extract (Hepsol fortior, “MCO”) was taken as the stan- 
dard but in order that the unit should not be too arbitrary I 
chose the amount of ripening substances in ox plasma as the 
tmit, as the plasma of this animal has the largest quantity of 
ripening substances among those so far investigated. The ripening 
index 1.00 indicates that the plasma or solution investigated 
can ripen reticulocytes at the same rate as ox plasma tested 
against the same blood corpuscles at the same temperature. 

On these assumptions I now will give an account of the varia- 
tions found in several species of mammals and of the individual 
variations. The techniques employed in these investigations has 
already been described in detail (Plum, 1912). 

The plasma to be examined was, unless otherwise stated, obtained 
by centrifuging freshly taken blood the clotting of which had been 
prevented by sodium citrate (3.8 %) in the proportion 1 : 4. This 
dilution was employed in all cases and even in the ox plasma used as 
a imit whereas I did not correct for the dilution at the final calcula- 
tions of ripening index. The samples of plasma were examined as soon 
as possible or else placed in an ice box. Oddly enough, in spite of the 
rabbit blood cells being suspended in plasma from another species, 
I have never observed the phenomenon of agglutination. 

The other hematological tests were carried out on freshly taken 
blood unless otherwise stated. 

Some times it was not possible to test the blood samples the same day 
and therefore I examined the influence of storing on the reticulocyte 
ripening substances in blood and the influence of clotting too. 


I. 

The loflaence of Storing and Clotting on the Beticiilo’ 
cyte Ripening Principle in Blood. 

As will be seen from the table 1 I have examined I) plasma, 
II) serum and III) plasma from samples in which the blood cor- 
puscles had been present during storage. The said investigations 
were made with blood from humans^ and rabbits. 

In all these experiments I worked with blood that had been 
prevented from clotting by the addition of 3.8 % sodium citrate 
in the proportion of 1 : 1; all the determinations were carried 
out with blood corpuscles from the same rabbit (No. 148). 

^ Investigations regarding the quantity of ripening substances in plasma 
from normal people are published elsewhere. (C. lil. Plum, 1942, 2.) 
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Determinations of plasma stored at various temperatures showed 
uniformly that whereas plasma stored at 37° had, for 24 hours, 
lost about 15 % of its ripening ability, plasma at 4° took 
48 hours to lose a similar quantity of ripening substances. There- 
fore if plasma is to be kept for later investigation it ought to be 
stored in an ice box. 

"Whereas the changes that occurred in pure plasma during 
incubation were not significant, large changes are to be seen 
in the plasma when whole blood is stored. When blood is stored 
at 4° it is seen that the quantity of reticulocyte ripening substances 
is reduced by about 40 % after 24 hours. If the blood is stored 
at 37° the changes are even more significant since I fmd that the 
concentration of ripening substances after 24 hours is reduced 
by about 60 %. 

It is worth noting that blood from a rabbit that had been 
anemized and as the result had a high reticulocyte figure on 
incubation, suffered a considerably quicker decrease in the quan- 
tity of its ripening substances than normal blood. This might 
indicate that here the reticulocytes used more of the ripening 
substances than under normal conditions. These circumstances 
toU however be taken up for further investigation. 

The figures for serum are 33 % lower than those for plasma. 
The serum figures depend on the incubation temperature so that 
the loss at 37° dxiring 24 hours equals the loss of ripening substances 
in serum incubated at 4° for 48 hours just as in the case of plasma. 


Table 1. 

The Influence of Storing Temperature on Changes in the Ripening 
Index in Plasma or Serum. 



Stored at 

S t 

0 r e d 

1 n 


temperature 

0 hours 

24 hours 

48 hours 

Human ((?) (Rtt. 8 ®/oo) 





Plasma 

4" 

0.77 

0.70 

0.66 

Plasma 

37” 




TPhole blood 

4” 

0.77 

0.46 

0.29 

Whole blood 

37° 




Serum 

4° 

0.54 

0.44 

0.32 

Human ($) {Ret. 4 Voo) 





Plasma 

4° 

0.76 

0.70 

0.68 

Plasma 

37° 

0.76 

0.65 

0.62 

Whole blood 

4° 

0.76 

0.41 

0.32 

Whole blood 

37° 

0.76 

0.27 

0.13 

Serum' 

4° 

0.50 

0.42 

0.34 

Serum 

37° 

0.50 

0.32 

0.23 
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Stored at 

S t 

0 r e d 

i n 


temperature 

0 hours 

24 hours 


Jiabbit normal {liet. 2o °/cio) 

Plasma 

4“ 

0.G5 

0.59 

0.55 

Plasma 

37° 

0-65 

0.5G 

0.52 

Whole blood 

4° 

0.G5 

0.40 

0.32 

Whole blood 

37° 

O.Go 

0.25 

0.12 

Serum 

4° 

0.42 

0.35 

0.30 

Babbit anemized {Bet. 172 “/oo) 

Plasma 

4° 

0.98 

0.90 

0.S5 

Plasma 

37° 

0.93 

0.84 

0.70 

Whole blood 

4° 

0.98 

0.40 

0.2G 

Whole blood 

37° 

0.98 

0.17 

0.08 , 

Serum 

4° 

0.G7 

0.5S 

0.48 

Serum 

37° 

0.G7 

0.47 

0.31 


The practical consequence of the results thus obtained is that 
the plasma must he used as soon as possible after the blood 
samples have been taken. If this is not possible, the blood ought 
to be centrifuged, the plasma sucked off and stored at a lovr 
temperature until the next day and not longer. 


II. 

The Quantity of Eipening Substances in the Plasma 
of Several Species of Animals. 

I only investigated adult animals that objectively appeared 
healthy and had a blood picture corresponding to the normal 
as given in the literature on the subject. Table 2. 

As far as rodents are concerned they have been carefully examined 
and numerous normal figures for them are to be found in the lite- 
rature; in Jafpe (1931), Klieneberger (1927) and Donaldson 
(1924) among others. , 

Investigations of the blood pictures of domestic animals are 
by no means numerous; in the present work I have taken the 
values given by Wirth (1931; as the basis for judging the 
animals’ suitability for our experiments, for he has collected the 
majority of the normal values hitherto mentioned for domestic 
animals' 

Altogether I examined 10 mice, 10 rats, 11 guinea pigs, 
15 rabbits, 2 sheep, 7 goats, 9 dogs, 6 cats, 8 horses and 
11 oxen. 
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Methods. 

The investigations made are: 1) The blood picture, 2) Determinations 
of the ripenmg index. 

The -way of taking blood samples was altered according to the size 
of the animals. 

In mice, rats and guinea pigs blood was taken from the inferior vena 
cava imder ether. The clotting was prevented by addition of sodium 
citrate (3.5 %) in the proportion 1 :4. 

Blood was taken from cats by heart puncture under chloroform. 
The common hematological test on rabbits were made on blood from 
the medial ear vein. The ripening index was determined on blood 
taken by heart puncture without narcosis. 

From all other animals the blood- was taken from the jugular vein on 
living animals or soon after killing. 

The hemoglobin percentage was determined with Zeiss Ikon Hemo- 
meter. The, erythroc}^^ and leucocyte counts were made as usually. 
When the tests were made on diluted blood, I have corrected for the 
dilution. The reticulocyte counts and the determination of the ripening 
index were made as formerly described (Plum, 1942). 

The results of the examinations of the blood picture (table 1 and 2) 
show no significant de^^ations from counts found in the literature. 

The results of the investigation of the ripening index are to be 
seen in table 3. The ripening index is here put in relation to the 
reticulocyte number in promille of the erythrocyte count. Plate 
1 shows the ripening index in relation both to reticulocytes in 
promille and in absolute count. 

Discussion. 

The variations in the quantity of ripening substances in plasma 
for each species of animals show that a low reticulocyte percen- 
tage goes with a high ripening index and therefore with a high 
concentration of ripening substances. The same is seen when the 
ripening index is put in relation to the absolute number of reti- 
culocytes calculated from the percentage of reticulocytes and the 
munber of red blood cells. 

It is found that the relation between reticulocyte number and 
the ripening index is best expressed the straight line equation: 
X = ay -{- b, where y is the ripening index and x the number 
of reticulocytes, a and b being constants. The single determination 
deviate of course from the line expressed by the equation and I 
have tried to find whether the absolute numbers or the percentage 
values gives the smallest deviations. By the method of least 
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Cats (0 animals) .... 78—91 % Wibth: 50—80 % 9.71— 10..37 » WiRTir: 0.5— lO.O 

Pigs (8 animals)’ . . . 01—76 % WiRTn: 65—90 % 6.12—0.03 » Wirtii: 6.0— 8.0 

Horses (8 animals)' . . 07 — 82 % Wirth: 00 — 80 % 7.08 — 9.07 , » WiRTit: 7.o lO.o 

Oxen (11 animals)’ . . 05 — 82 % Wirth: 00 — 80 % 0.18 — 8.02 » WmTu: 6.0 — S.-i 
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Tabic 3. 


The Relation between Reticulocyte Number and the Ripening Index 

in Various Mammals. 


Reti- 
culo- 
cyte 
ia °/oo 

Ripening 

Index 

Eiythro- 
cjrte in 
mill. 

Reti- 
culo- 
cyte 
in "/oo 

Ripening 

Index 

Erythro- 
cyte in 
mill. 

Reti- 
culo- 
cyte 
in “/oo 

Ripening 

Index 

Ery^tlu-o- 
cyte in 
mill. 


Mice 

8.92 


Rais 


40 

0.52 

4.65 

31 

O.GO 

6 

0.82 

9.97 

43 

0.48 

5.38 

32 

O.GO 

9.2G 

5 

0.86 

9.14 

44 

0.60 

4.69 

34 

0.58 

9.12 

6 

0.87 

8.91 

46 

0.48 

5.12 

36 

0.58 

8.99 

6 

0.86 

8.49 

46 

0.48 

4.90 

36 

0.57 

9.76 

7 

0.83 

9.26 

46 

0.47 

4.82 

37 

0.55 

8.83 

7 

0.81 

10.12 

48 

0.44 

4.79 

37 

0.54 

9.34 

8 

0.81 

7.23 

52 

0.45 

5.16 

38 

0.57 

9.31 

8 

0.80 

8.24 

62 

0.43 

6.83 

39 

0.54 

9.14 

9 

0.78 

8.92 




40 

0.53 

9.43 

10 

0.76 

9.66 


nnl/t 






Sheep 


1 

0.96 

9.98 


Mabbits 


7 

0.75 

9.84 

2 

0.93 

10.27 

19 

0.77 

6,23 

9 

0.72 

9.04 

2 

0.91 

10.37 

20 

0.77 

5.03 




2 

0.91 

10.12 

21 

23 

23 

24 

0.78 

0.74 

0.73 

0.72 

6.81 

4,93 

6.12 

6.12 

4 

4 

5 

6 

(jrOatS 

0.83 

0.85 

O.80 

0.78 

13.67 

11.64 

15.21 

11.30 

3 

6 

0.88 

0.86 

Dogs 

9.86 

9.71 

25 

26 

26 

27 

O.GO 

0.71 

0.70 

0.C8 

4.87 

5.22 

4.73 

5.36 

7 

7 

8 

0.76 

0.75 

0.72 

10.24 

14.42 

13.16. 

1 

2 

2 

2 

0.94 

0.92 

0.91 

0.90 

9.04 

7,67 

7.12 

7.23 

28 

0.70 

4.64 


Oxen 


2 

0.89 

8.46 

28 

0.69 

4.96 

0 

0.98 

6.72 

3 

O.SG 

6.93 

29 

0.6G 

4.74 

0 

0.98 

8.02 

3 

0.85 

7.66 

30 

0.6G 

5.46 

0 

0.99 

7.89 

3 

0.83 

8.16 

32 

0.63 

4.83 

0 

0.99 

7.79 

4 

0.81 

7.89 




0 

1.00 

7.14 




4 

5 

6 

6 

7 

Pigs 

0.87 

0.85 

0.82 

0.81 

0.77 

6.21 

6.14 

6.43 

6.06 

5.95 

0 

0 

0 

0 

0 

0 

1.00 

1.02 

1.02 

1.02 

1.02 

1.04 

6.08 

7.72 

6.18 

8.33 

6.89 

7.12 

1 

2 

2 

2 

2 

Horses 

0.94 

0.92 

0.91 

0.90 

0.89 

7,98 

8.01 

7.58 

8.14 

9.67 

7 

0.77 

6.12 

( 

luinca pigs 

3 

0.88 

7.08 

8 

0.7G 

5.98 

38 

0.52 

4.98 

3 

0.80 

8.24 

8 

0.74 

6.03 

39 

0.54 

5.07 

5 

0.83 

7.87 


squares I have found that the standard deviation of x calculated 
from y and the probable values of a and b not show signtficant 
differences whether x is calculated absolute or relative figures. 

The relation between the ripening index and the number of 
reticulocytes is not merely observed in the single species but if 
all the species investigated are taken as a whole a low ripening 
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Pinto 1. 

Survcty of the relation between the ripening index and the number of reticulocytes 
in a number of normal mammals. 

Ordinate: Average ripening indo.x. 

Abscissa; Average no. of reticulocytes per thousand red blood cells. 

Average no. of reticulocytes per. cmm. blood calculated from the 
number of rc<l blood ceUs. 

O Alice, X Rats, A Guinea pigs, O Babbits, 

• Sheep, 4 Goats, ■ Dogs, + Cats, 

T Horses, H O-ven, ^ Alen. 

index is everywhere found combined with a high reticulocyte 
figure and vice versa. The same is seen when the ripening index 
is put in relation to the absolute number of reticulocytes calcu- 
lated from the percentage of reticulocytes and the number of 
red blood cells, plate 1. 

It is generally assumed that an increased percentage of reti- 
culocytes is due to an increased production of red blood corpuscles. 
As a fact many experiments, specially clinical and pathological, 
show that an increased erythropoiesis is accompanied by an in- 
creased number of reticulocytes. The present investigation, how- 
ever, showing the relation between reticulocyte number and ri- 
pening index indicates that the amount of ripening substances 
in the plasma must play a role for the number of reticulocytes 
just as the velocity of the erythropoiesis does. The close relation 
between the number of reticulocytes and the ripening index 
seems to indicate that the variations in the quantity of ripening 
substances must be taken as expressing a biological function and 
not as merely due to chance. 
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The highest concentration of ripening substances have been 
reached in animals that have no reticulocytes as in the case of 
oxen. Therefore the quantity of ripening substances in this ani- 
mal’s plasma was chosen as the unit for the ripening index. The 
average of eleven determinations that I made with oxen was 
fixed as the unit. On comparing this with our standard I found 
that this (Hepsol fortior, “MOO”, of a certain batch in 1 % 
solution) had a ripening index: 0.97. 

Summary. 

The amount of ripening substances in plasma is considerably 
reduced when whole blood is stored. The reduction seems to 
be larger, the more reticulocytes were found in the blood sample. 
When the blood clots about of the ripening substances dis- 
appear. 

When plasma is stored only a slight decrease in the quantity 
of ripening substances occurs. Plasma incubated, for 24 hours 
at 4° remains practically unchanged. 

The quantity of ripening substances in the plasma of various 
mammals shows a certain correlation between the number of 
reticulocytes in the circulating blood and the concentration of 
the substances that determine the ripening of the reticulocytes, 
so that a high percentage of reticulocytes goes with a low ri- 
pening index and vice versa. This applies both from individual 
to in^vidual and from species to species. In blood in which 
no reticulocytes are found there is the highest concentration of 
ripening substances. This being the case with oxen I chose to 
their plasma as the unit for the concentration of ripening substan- 
ces. 
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In the foregoing paper it has been shown that at fully grown 
up animals a high reticulocyte number corresponds to a low 
reticulocyte ripening index and vice versa. 

As it shall be shown in the present paper this is not the case 
under conditions where an argumented erythropoiesis is to be 
expected, such as in very young animals and in animals after 
continued blood lettings. In the first case I have used young 
rats as experimental animals, in the second I have used rabbits. 


I. 

Bipening Index in the Plasma of Yonng Bats. 

Investigations of the blood picture during the early days in 
the life of both human beings and animals are numerous. It is 
thus generally Icnown that at birth we find a high reticulocyte 
figure (Seyfarth and Jurgens, 1928; Drabkin and Fitz-Hugh, 
1934; Obten and Smith, 1934; Kato, 1932; and Fax:6n, 1937.) 

Young rats were chosen for the investigations because these 
animals are late in becoming hematologically mature (Addison 
and UicHi'JsB, 1923; Grimm and Short, 1934; Drabkin and 
Fitz-Hugh, 1934; Jacobsen and Plum, 1942; Plum, 1942.) 
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It is difficult to take samples of blood from very young rats and 
so the following method wras chosen for obtaining the material to be 
investigated, in order to get as much blood as possible: The outer 
abdominal tissue was cut open and the sample of blood was then taken 
from vena cava inferior with a graduated syringe fitted with a mor- 
phia needle. The amount of blood thus obtainable depended greatly 
on the age of the animal and so we only put O.i c. c. sodium citrate 
(3.8 %) in the syringe before taking the sample, the remaining quan- 
tity of citrate being added afterwards so that the fmal proportion 
between the citrate and the blood was 1 : 4. The blood sample was 
then centrifuged, the plasma sucked off 'and added to the rabbit re- 
ticulocytes in accordance with the method previously described 
(Plum, 1942) 

In the investigations regarding the ripening of reticulocytes in ^^t^o 
previously reported (Plum, 1942), 2 c. c. plasma was used for the ex- 
periments in order to be able to carry them out in 4 experimental 
periods of 0, 2, 4, & 6 hours as described, but it is impossible to obtain 
blood from young rats in sufficient quantity to be able to carry out 
the experiments in the usual way and so the technique was altered 
as follows: 

The 8 animals ranged from 0 — 6 days old and enough blood was 
obtained from each for 2 samples, one for immediate determination 
and the other after incubation. The experiments were therefore ar- 
ranged so that for all the samples the count of the 0 values was made 
at once and then the loss of reticulocytes in 2 samples was determined 
after 2 hours, the loss in 3 samples after 4 hours, and in the 3 remaining 
samples after 6 hours; next the average ripening index figure for the 
8 animals investigated was calculated from the average of the results 
from the various investigation incubation times. The determinations 
on 6 animals ranging from 8 — 10 days old were made in the same way, 
but here it was possible to get enough blood for 3 samples from each, 
and so the determinations were made as follows: 2 samples after 0 — 2 and 
4 hours, 2 after 0 — 2 and 6 hours, and finally 2 after 0 — 4 and 6 hours, 
and from these the average ripening index figtire was calculated. After 
10 days enough blood was obtainable from each animal for all 4 samp- 
les as in this case there was sufficient plasma (altogether about 1 c. c.) 
to distribute in all four test tubes. As a matter of course a smaller 
number of rabbit blood corpuscles was put in each vessel according 
to the quantity of plasma. 

The number of reticulocytes in the freshly taken blood was 
determined before centrifugation because several investigations, 
among them those of Obten and Smith (1934), seem to show 
that the percentage of reticulocytes very closely follows the de- 
•velopment of the rest of the general blood picture, and because, 
in the present' work, the figure for the number of reticulocytes 
was needed for comparison with the quantity of reticulocyte 
ripening substances in plasma. As appears from Fig. 1., in all 
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Fig. 1. 

Ordinate: No. of reticulocytes in percentage of erythroc 3 'tes. 

» : Ripening index! 

Abscissa: Age in days. 

O O: Ripening index. 

• Own investigations of the number of reticulocytes. 

V V: Orten & Smith’s figures for the number reticulocytes. 

the young rats investigated, the number of reticulocytes cor- 
responded to that normal for their age. 

The results of the determination of the ripening index figures 
are also given in Fig. 1. As will be seen quite a considerable quan- 
tity of ripening substances W’as found in the plasma of these 
hematologically not mature animals. 

The fall in the quantity of ripening substances takes place 
parallel with the fall in the number of reticulocytes in percentage 
of erythrocytes; this fall continues during early life until the 
young rats get a reticulocyte picture such as is found in mature 
rats; this happens about 30 days after birth, that is to say at 
the time when the young rats’ blood picture entirely conforms 
in every respect to that of mature rats. 

12 — 'i2^075. Acta phvs. Scandinav. Vol. 5. 
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Ripening Index in Animals witli Chronic Anemia Induced 

by Blood-Letting. 

The experiments -were made on rabbits. The anemking can be done 
by means of an apparatus described by Sjowall (1936), but in the 
present experiments it was done by puncturing the heart dailv or 
every other day and continued if neccessary for several weeks. 

When it is a matter of a single heart puncture it is easiest to make 
it with the animal anesthetised, but when it was a matter of dailv 
punctures as in this case, the animal died of pneumonia in the course 
of a few days. As the results of this experience we changed to opera- 
ting without an anesthetic and this presented no difficulties. 

AVith the numerous heart punctures we made we never observed 
formation of any abscess connected mth the wound in spite of the 
fact that we did not shave away any of the hair or even do any special 
washing round the spot. 

On inducing anemia a rapid rise is observed in the number of 
reticulocytes until a plateau is reached round which the figures 
fluctuate. The percentage of hemoglobin and the number of 
erythrocytes fall and form a plateau (see the figure). After a 
period of long treatment a premortal fall in the number of ery- 
throcytes and the percentage of hemoglobin is often seen ac- 
companied by great fluctuation in the number of reticulocytes. 

In the course of from one to two months the animal will die 
with all the symptoms of aplastic anemia; in some cases Ave have 
had experimental animals that lived longer, but these all got 
severe edema so that we had to kill them. Post mortem examina- 
tions showed, presumably as result of hypoprotein- anemia, large 
subcutaneous accumulations of fluid, as much as 1 litre of fluid 
in the abdominal caAuty and about 200 ccm. fluid in the thorax 
Avhere the lungs Avere found to be more or less atelectatic. In 
addition there was a Avell-pronounced degeneration of the con- 
nective tissue in the liver which is for the matter observed in 
practically all animals when they have been experimented on 
for more than 8 days. 

Some animals Avho had been subjected to heart puncture for 
OA'er a month, besides being in the aboA’^e mentioned condition 
showed the Avail of the ventricle surrounding the pylorus and 
the adjoining part of the corpus ventriculi as thin as paper and 
it broke spontaneously at the dissection. 




Fig. 2. Variations in the blood picture and in the ripening index during two 
periods of chronic hemorrhagic anemia between which the animal attained an 

almost complete remission. 

Abscissa: Time in days. 

Ordinate; ■ ■ Percentage of hemoglobin (Zeiss Ikon) 

(100 = 100 %) 

^ No. of erythrocytes in millions in cmm. 

(100 = 5 mill.) 

O— . . -O No. of reticulocytes per thousands. 

(100 = 200) 

0 — . . __0 ]jfo. of reticulocytes in cmm. (calculated from erythro- 
cytes). 

(100 = 500 000) 

0 -*0 Heticulocj’te ripening index. 

(100 = 1 . 00 ) 

1 Quantity of blood taken in c. c. 


In certain cases the blood corpuscles may be unsuitable for 
the determination since the counts shotv q^uite irregular varia- 
tions. When this occurs it is due to: 1) an increased agglutiona- 
tion of the blood corpuscles which makes counting difficult, for 
large clumps of them are often found in the preparations thereby 
making it practically impossible to determine the number of re- 
ticulocytes, 2) precipitations in the plasma that are liable to 
catch the dyes and which when they lie on top of a blood corpusc- 
le make it look for all the world hke a reticulocyte; these pre- 
cipitations are most frequently seen in rabbits having pronoun- 
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ced lipemia. Furthermore such rabbits often show symptoms of 
early stages of edema. General hematological examinations of 
such rabbits gave pictures that did not, differ from those of the 
other anemized rabbits, but dissection of these animals plainly 
showed degeneration of the connective tissue of both the liver 
and the spleen. 



Fig. 3. Variations in the rate of the spontaneous reticulocyte ripening and in 
the increased rate of the reticulocyte ripening as the result of the addition of 
ripening substances when the number of reticulocytes v^aries as the result of ane- 
mia induced by blood-letting. 

Ordinate: No. of reticulocytes per thousand. 

Abscissa: The rate of ripening expressed by the equation for the rate of the 
reaction of the monomolecular constant. 

A Rabbit 1451 Ripening constant for the spontaneous ripening. 

O » 148/ . . ^ 

A Rabbit 1451 Ripening constant for the increased ripening ns the result of 

• » 148/ added ripening substances (Hopsol fortior 1 %). 

These changes occur most quickly if too much blood is taken, 
especially at the beginning of the induction of the anemia. There- 
fore too much blood must not be taken during the first days, 
but the quantity slowly increased; thus 15 c. c. should be taken 
to begin with and then the quantity should be slowly increased 
to 50 c. c. 

If the heart punctures are stopped a further rise in the number 
of reticulocytes is often observed the next day, after which a 
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fall occurs accompanied by a rise in both the hemoglobin per- 
centage and in the number of erythrocytes, and in the course of 
2 — 3 weeks the animal is practically restored, Schwarz, 1940. 

During the process of inducing anemia no changes appear in 
the rate of the ripening of the reticulocytes, when exposed to 
the same amount of ripening substance. Fig. 3 depicts the result 
of investigations regarding the ripening of reticulocytes obtained 
from two different anemized rabbits: experiments were made at 
intervals with blood corpuscles from these animals, suspended in 
saline and standard solution. From the results it will be seen 
that the rate of the ripening of the reticulocytes does not vary 
with the number of the reticulocytes, the degree of anemia, or 
the length of time during which anemia is induced. 

As regards the ripening index, it •vvill be seen from Fig. 2 that 
this rises. The ripening index rises to a plateau that appears 
simultaneously with the rise in the number of reticulocytes and 
falls to normal when the blood-letting ceases in the same time 
as is necessary for the animal to be restored. This is therefore 
contrary to what is observed in normal animals where a high 
reticulocyte figure goes with a low ripening index and wee versa. 

Discussion. 

From these experiments reticulocytes appear not to change 
their character, since they ripen at the same rate when subjected 
to the same concentration of ripening substances irrespective of 
the degrees of anemia and of reticulocytosis. 

It also appears that the concentration of ripening substances 
in plasma rises when anemia is induced. From this it may be 
concluded that reticulocytes in the vascular system of anemized 
rabbits must be developed about 20 — 30 % more rapidly than 
those in normal rabbits. It seems ewdent that the rise in the 
concentration of ripening substances can be regarded as a com- 
pensatory measure on the part of the organism for the loss of 
blood, like the compensatory hypertrophy of the marrow during 
chronic hemorrhagic anemia. 

Summary. 

The quantity of ripening substances in young rats is large at 
birth and afterwards decreases with the fall in the number of 
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jeticulocytes in percentage of eryt-lirocytes, and wlien figure sare 
reached that accord Avith those found in mature rats, the rest of 
the blood picture also resembles that in mature rats. 

During chronic hemorrhagic anemia a rise in the number of 
reticulocytes may be seen in rabbits. The reticulocytes do not 
change in character as regards the time they take to ripen when 
they are subjected to the same concentration of ripening sub- 
stances, but on the other hand an increase in the quantity of 
ripening substances in plasma is found in anemized rabbits. 
This increase shows that under the conditions here described 
the reticulocytes in the vascular system must ripen about 20 — 
-30 % more rapidly than those in normal rabbits. 

In the two cases investigated an increased erythropoiesis then 
is followed by an increased amount of reticulocytes ripening 
substances in the plasma. 
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Since the discovery of renin by Tigrrstedt and Bergman 
(1898), several methods for its preparation have been described 
(Hessel, 1938, Page and Helmer 1939, Collings et. al. 1940, 
ScH.ALES, 1942, and others). In order to reduce the number of 
stages in the preparation, we have adopted certain modifications 
of our previous method (|Euler and SjOstrand, 1941), leading 
to a crude product of good stability, suitable for the preparation 
of hypertensin (angiotonin), and serving as a material for further 
purification. Some observations with regard to the biological 
actions of renin solutions obtained in this way will also be shortly 
reported here. 


Preparation of Renin. 

Fresh pig kidney cortex was finely ground and extracted for about 
1 hour with 2 volumes of cold acetone and filtered on a suction fun- 
nel. The residue was allowed to dry in air and was powdered in a mill. 

1 kg of the dry powder was extracted with 5 1 of 2 % ammonium sul- 
phate in the cold for 2 hours and the solution decanted and pressed 
off through cloth. The remaining cake was again extracted with 3 1 

2 % ammonium sulphate and the solution filtered and pressed off. 
To the combined filtrates (A) glacial acetic acid was added to 2 % 
and the precipitat-o filtered off in the cold after hour. The clear 
filtrate (B) (pH about 4) was then evaporated in vacuo until the vol- 
ume was brought down to Y 20 of the original volume. At this point 
more than 90 % of the renin actmty was precipitated, the filtrate 
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(C) being almost inactive. After filtering tbrougb paper, the solids 
were transferred to a cellophane bag and dialyzed against tunning 
water for 24 hours. After dialysis, the contents of the tubes were cen- 
trifuged, leaving a potent, slightly coloured, clear solution. After the 
addition of a small quantity of tricresol, this crude solution has shown 
no loss in activity even after several months in the ice chest. 

If the filtrate (B) was concentrated to 7io of the original volume, 
about Ya of the renin activity was carried down and the rest could 
be recovered from the filtrate (C). Not even concentration to Yis of the 
primary volume was enough, since about 25 % of the activity was 
found in the filtrate (C). It appears from this and other experiments 
that the salting out by means of ammonium sulphate requires not 
only a certain high concentration of the salt but also sufficiently small 
volume, i. e. a high concentration of renin. On the other hand, activ- 
ity may be carried dovm, at lower degree of saturation in concentrated 
solutions. For a satisfactory yield ivith this method of preparation 
it is essential that the reaction at the time of precipitation should be 
about pH 4. In an approximately neutral solution the yield was re- 
duced to about Yj, and in more acid solutions the }deld was also smaller. 
The activity of the solutions was tested on the atropinized cat’s blood 
pressure under chloralose anaesthesia and also by the formation of 
hypertensin (angiotonin) with globulines from horse’s serum, using 
the same method as described by Edman, Euler, Jorpes and Sjo- 
STBAND (1942). Generally an amount of the renin solution correspond- 
ing to 0.1 g dry powder pr kg gave a clean rise in blood pressure of 
some 20 — 50 mm Hg. AVe have observed rather wide variations in 
the biological effect, however, ivith preparations of known activity 
in regard to the ability to form hypertensin. Thus it seems worthy 
of notice that, in a group of cats at the beginning of autumn 1942, 
hardly any effect was obtained on the blood pressure, even with doses 
of 0.4 g dry powder pr kg. Purified dry preparations, usually giving a 
good response in 0.5 — 1 mg per kg, were likewise almost ineffective 
in doses of up to 5 mg per kg. In these animals hypertensin (angio- 
tonin) obtained from horse’s serum produced its usual biological ac- 
tion. AATiether the lack of effect is due to a deficiency in hj^ertensin- 
ogen in these animals or to other causes, we do not know. In later 
experiments a good response was obtained with the same extracts. 

The activity of the renin preparation as determined by the forma- 
tion of hypertensin was such that an amount corresponding to 0.5 g 
dry kidney powder gave a maximal yield of hypertensin with globu- 
lines from 100 ml horse’s serum, when incubated for 10’ at 40®. The 
amount formed corresponded to about 6 — 10 mg tyramine phosphate 
in its action on the cat’s blood pressure. 


Purification Experiments. 

a) Precipitation with saturated ammonium sulphate may give 
good yields in concentrated renin solutions at pH 4. In a solu- 
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tion containing the renin obtained from 0.73 g dry powder in 
one ml the yield was only %. In solutions with the renin from 
about 4 g dry powder in one ml the yield was constantly good 
and may be practically 100 %. Such preparations showed a 
good blood-pressmre raising actmty in doses of 1 mg pr kg body- 
weight in cats. ^\ith NaCl added to saturation in a solution 
•«Tth the renin from 0.75 g dry powder per ml, about % of the 
activity was precipitated, the rest being recovered from the 
filtrate. After the preparation had stood over night in the ice 
chest, the yield was slightly better. By the addition of NaCl 
until saturation at pH 3, inert proteins were precipitated and 
could be removed. In one experiment, however, only about 50 % 
of the activity in a concentrated solution was precipitated at 
saturation (pH 4), and the rest recovered from the filtrate. Am- 
monium sulphate invariably left no activity in the filtrate from 
equally concentrated solutions. NajSO, was less effective than 
(H 4 N).S 04 and NaCl in precipitating the renin. 

b) In another series of experiments, attempts were made to 
purify the renin by fractionated precipitation with alcohol, ace- 
tone and dioxane. The best results were obtained with acetone. 
To a solution of 1 g crude renin in 20 ml HjO was added 1 volume 
of acetone and the precipitate centrifuged off. An addition of a 
further volume of acetone to the filtrate precipitated some 40 % 
of the first yield. The combined precipitates were dried with 
acetone and laked Avith 10 ml Avater. A considerable portion of 
the proteins were insoluble. The clear filtrate Avas again treated 
AA'ith 1 Amlume acetone and dried. The Aveight of this dry pre- 
paration AA'as 180 mg. It showed a good actiA’ity in 0.2 — 0.5 mg 
per leg bodyAveight in the cat, as against 1 — 2 mg in the crude 
preparation. The purified preparation was readily soluble in 
Avater. If the preparation Avas carried out in a similar Avay Avith 
ethyl alcohol, the yield of actiAuty in the Awater soluble fraction 
Avas less than of the original. The addition of alcohol up to 
30 % caused only little loss, hoAA-ever. With acetone a certain 
loss Avas also noted (cf Pickering and Prinzmetal, 1938) though 
it was not so high Avhen the preparation Avas carried out rapidly 
and in the cold. In some cases % volume of acetone Avas added 
originally which precipitated less than 10 % of the activity but 
removed a considerable amount of inert proteins. Proteins were 
also removed by addition of sulphocyanate in a concentration of 
0.5 % in Avatery solution, or by NaCl in 4 % at pH 4. 
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c) If renin solutions were treated Avith adsorbents (Fuller’s 
earth, permutite, kaolin or Al.Os), part of the acthdty was car- 
ried down and could be eluated with 0.5 % sodium bicarbonate. 
When 1 ml of a potent solution of renin aceton dry powder (see 
above) was treated at pH 4 with 0.2 g of the adsorbents for 1 
minute, kaolin was found to be most effective. In further experi- 
ments a considerable purification could be obtained by treating 
purified renin solutions with Yz their weight of kaolin. Prac- 
tically no loss was experienced when the kaolin was washed 
with a 0.1 % solution of acetic acid and the renin eluated with 
0.5 % NaHCOa. Of the original activity about 25 % was left 
in the primary filtrate. 

Formation of a Heat-Stable Dialysable Pressor Substance 

in Renin Solutions. 

To our surprise it was not possible to adsorb the remaining 
activity in the filtrate after treatment with kaolin. Thus re- 
newed treatment with kaolin left most of the activity in the fib 
trate. Further observations showed, however, that the active 
substance was not renin, since the activity in the filtrate with- 
stood heating to 100° for 2’ (fig. 1), which renin will not, and 



Fig. 1. Cat, chloralose, blood pressure. A. 0.5 ml filtrate from renin solution treated 
with kaolin. B. Same after heating for 2 min. 100°. C. 0.2 ml kaolin eluate before 
and after same heat treatment. 

was dialysable. The active substance in the filtrate also differed 
from hypertensin in that it depressed the activity of the isolated 
rabbit’s intestine, much in the same way as the nephrin of Enger 
(1939, 1941). The considerable amount of this substance found in 
the filtrate, must have formed gradually in the renin solution, 
which, when freishly prepared, was inactive after boiling. The 
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total amount found in the dialysate from. 30 ml of the employed 
renin solution (100 g dry' kidney' powder) corresponded to no 
less than 20 mg tyTramine pho.sphate in its action on the cat’s 
blood pressure. 

The spontaneous formation of a new pressor substance in 
dialysed renin solutions evidently' constitutes an important source 
of error in respect of the biological evaluation of renin prepara- 
tions. A previous paper (15uler and 8j6strano, 1941) referred 
to this possibility, and we ivould like to stress this point further 
in view of our recent e.vperience. 


Summary. 

A convenient method for the preparation of renin from pig’s 
kidney is described. 

Purification of crude renin preparations has been accomplished 
by fractionate prccijhtation with acetone or by' adsorption to 
kaolin. 

A dialysable, heat-stable pres.sor substance may' appear spon- 
taneomslv in dialvEed renin .solutions. The new substance has 

V •' 

not the properties of liypcrtensin (angiotonin). 

Thi.s work has been supported by' a grant from the Therese 
and Johan Andcrsson Memorial Foundation. 
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In earlier works (Martensson, 1938, 1940) it was shown that 
quantitatively the kidne}'S play the greatest role in the normal 
mammalian organism for the citric acid (Ci) elimination from the 
body. The liver deals with far less Oi, especially in the rabbit. 
Amongst other evidence adduced to show the importance of the 
kidneys in this respect was the great increase in the citric-acid 
content of blood serum (Ci/s) after removal of the kidneys. Experi- 
ments on animals under urethane anaesthesia revealed that this 
increase occurred during the hours immediately following the renal 
extirpation. Experiments were also conducted on animals under 
ether anaesthesia with a view to following as long as possible, in 
the waking state, the Ci/s of those animals which survived the 
nephrectomy. For this purpo.se only one blood specimen was drawn 
daily, since more frequent drawings were found to shorten the 
period of survival very considerably. Tlie tests conducted in this 
way showed a fall of the Ci/s the day after the operation and there- 
upon a rise. However, Aiavall found later (1942) high Ci/s values 
also during the hours immediately following a nephrectomy under 
ether anaesthesia, i. e. similar conditions under both urethane 
and ether anaesthesia, which is but natural. He has accordingly 
furnished further evidence in support of the present writer's view 
of the importance of the Iddney's for Ci-elimination. Actually the 
Ci/s curve during the first 24 hours after nephrectomy under 
ether anaesthesia runs the course shown in Fig. 1. 
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Fig. 1. 16.10.42. Rabbit, 2.33 kg. j indicates completion of bilateral nephrectomy 
under ether anaesthesia lasting 20 min. (The ordhiate shows, as in the following 
experiments, the citric-acid content of the blood serum in micrograms per one c.c. 

The abscissa shows the time in hours.) 

Fig. 2. I. 4. 5. 38. Rabbit, 2.5 kg. No anaesthesia. SB mg Ci/kg intrav. 

II. 13. 1. 39. Rabbit, 3.9 kg. 44 mg Cijltg intrav. Nephrectomy 
lujder ether anaesthesia 39 hours before. 

III. 5.12.38. Rabbit, 4,7 kg. 36 mg Gilkg intrav. Nephrectomy 
under ether anaesthesia 51 hours before. 

IV. 21. 1. 39. Rabbit, 4.2 kg. 41 mg dlkg intrav. Nephrectomy 
under ether anaesthesia 97 hours before. 

In tMs 'work the Ci was determined by Thtjnbeeg s enzymatic 
method. The Ci/s was indicated in the customary way, i. e. in micro- 
grams per one c.c. (y/c.c.). Respecting the method reference should 
be made to the ■writer’s work of 1940. 

In a discussion on Ci/s experiments in cases of acidosis the 
present writer (Martensson, 1940) pointed out that the post- 
operative drop of the Ci/s which had been previously observed in 
both man (Schersten, 1931) and rabbit (Gronvall, 1937) must 
have another cause than increased renal Ci-elimination, since it 
also occurs after bilateral nephrectomy. In connexion with this 
some experiments were also made by injecting definite quantities 
of Ci intravenously into rabbits from which the kidneys had been 
removed under ether anaesthesia. These tests showed a consider- 
able Ci-eliminating power the day after the operation, i. e. when 
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the Ci/s is low, and after that less or no such power (see Kg. 2)^ 
At that time the writer had no opportunitj^ of going more closely 
into the problem of the mechanism underlying the postoperative 
fall of the Ci/s, and therefore further inquiry into this was deferred. 
As a tentative explanation, however, it was suggested that the 
simultaneously appearing acidosis or a possible change in the pro- 
tein metabolism might be responsible. 

However, Alwalu (personal communication) has later been 
led to assume from similar experiments on nephrectomized rabbits 
that the present writer's earlier results had been influenced by the 
fact that the animals had been under anaesthesia and that the 
liver, which is thought to be especially sensitive to ether anaesthe- 
sia, had exhibited a lower Ci-eliminating power than what it ac- 
tually possesses in a non-anaesthetized state. 

It has been pre\dously shown that ether anaesthesia does not 
alter the Ci/s of normal mammals (a finding also confirmed by 
Alwall, 1942). It is a 'priori improbable that the Ci metabolism 
of the liver should be more sensitive to anaesthesia than the Ci- 
metabolism of any other organ. Nor is it probable that the very 
fact of an ether anaesthesia having been undergone will result 
in the liver acquiring a Oi-eliminating capacity that is larger than 
the sum of the renal and hepatic capacities before the anaesthesia. 
Probably other factors play a far greater part in bringing about 
the postoperative decline of the Ci/s. The following series of experi- 
ments on rabbits, it seems to me, is able to give a more direct 
answer to the question whether ether anaesthesia has any influence 
on the Ci metabolism. 


Experiments. 

A. Under ether anaesthesia both kidneys were extirpated by 
means of bilateral dorsal section, which was afterwards sutured. 
The next day, when after its temporary rise the Ci/s had fallen 
to a subnormal value, ether anaesthesia of the same depth and the 
same duration as at the operation wms again administered. This 
gave no alteration of the Ci-level. 

21.9.42. Babbit, 3.0 kg. Ci/s 53.4 y before and 337 y 2V3 hours after 
kidney extirpation under ether anaesthesia lasting 25 minutes. Tlie 
next day the Ci/s was 33. 2 y before twenty-five minutes’ ether anaesthe- 
sia, and 33.cy, 31.5 y, and 33.oy respectively 1 hour 10 min., 2 hours 
and 5 hours after. — Another experiment gave the same result. 
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B. The kidneys -were removed under ether anaesthesia. The 
following day the rahbit was given a certain amount of Ci intra- 
venously, and the elimination of the Ci was followed. After V-j.^ 
hours, when the Ci/s had fallen to its initial value, an ether anaes- 
thesia was administered of the same depth but double as long 
duration as the preceding one, during which Ci injection was re- 
peated. The ebmination curve obtained was of the same type both 
before and after the ether anaesthesia, as can be seen from the 
following values, 

26.10.42. Nephrectomized rabbit, 2.4 kg. 5, 20, 45, and 95 minutes 
after intravenous injection of 60 mg Ci/kg the Ci/s was 218, 105, 55, 
and 38 y before the ether anaesthesia and 177, 85, 46, and 40 y after. 

This experiment also gives an idea of the relatively high Ci-eliminating 
capacity during the postoperative state, in spite of the absence of the 
kidneys. Two other experiments arranged in the same way jdelded the 
same result. 

C. Under ether anaesthesia an incision was laid dorsally through 
the sldn and abdominal w'all to the kidneys, which were not touched 
however. The cut was sutured. The following day the sutures were 
removed and the edges of the wound were drawn cautiously apart, 
whereupon the kidneys could be worked loose and ligatured, to 
which the animal showed no noteworthy reaction. After this 
nephrectomy without anaesthesia the Ci/s rose, as after nephrec- 
tomy under anaesthesia (see Big. 3 I). The magnitude of the Ci/s 
rise when a Ci-ehminating organ is shut off will, it is reasonable 
to assume, depend upon the quantit}’’ of Ci simultaneously formed 
and the capacity of other Ci-eliminating organs. The rise, in fact, 
was much sharper when the renal extirpation wms not performed 
until 48 hours after the preparatory operation, i, e, when the Ci/s 
had come past the postoperative fall and was moving upward 
(see Big. 3 11). 

D. Under etlier anaesthesia a dorsal incision was made in the 
same manner as in the preceding experiments. The next day the 
rabbit was given a certain quantity of Ci intravenously, and the 
elimination was followed. After l^/j hours, "when the Ci/s had 
dropped to about its initial value, the kidneys were extirpated 
without anaesthesia and the same Ci administration was repeated 
immediately. The elimination curve had quite a different appear- 
ance after the nephrectomy (see Big. 4). 
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■c/j Y/tt 



{•ii;’. '"J. 1. 1^5. J'>. 4;,'. .1.<i ki.;, dorsnt tinfjfr ctfifrr 

Itonrw r,Hrli*-r. IwforY’ tJ'.i't ofwfstion f?2,5 y. At 

If. :f<(. lo, (2. Iinh?ii{. 2.1 kfc*. niJaV-rr.! Titsfltr rtk.frr 

4r< Itfuirs Ct » {K’fi'/r*' thK ojvr.^tinn 5V7,3 j*. tlif 

(lay nft^r ujt, 2fi.f. y. At * nf-ptim.-Uimy i^ithod niina*5{h^U, 


rifr. 4. 1. .3.10.42. It.aOlijt. 2.3 Ip. k$i!a{<r?i! (iorrat uiuifr rthiT 

.ariftc-if 2.7 liOUfa rat!i'-r. ('i n op, tW.a •■. At * 40 

Ct 'I.Y intrav. Vit! J n<-phrri-{onty ttithout 
it. 2''. lo, 12. Kat.t.ii, 2. 1 t;2. ItowJ fj-i.-tion xifirif-r other onfloathwia 
2$ 1 ) 0 !! f .artier. Ci twforo oji, ,“< 0 , 0 y. in rjltif-r rraporta the .«arf!o rv' 
for I n(K>\r. 


Dliscusslon. 

The wril»'r't'. earlier oKjaerinients lend to indieato that tlto liver 
may he the most important Ci-eliminatin!’ organ of a ncphrectom* 
ixetl animal, aithoujih a.*? yet nothing tiefinite is known astoflii.s. 
As nn ether nnae.sihesia of such an animal does not affect the Ci/.s 
or the Gi-eliininating capacity, this fact ought to constitute rather 
good evidence against the assumption t hat the Ci metabolism of the 
liver is scn.sitive to ether anne.sthesia. Thai the rise in the Ci/s after 
a nophrecfoiny under anaesthesia h not caused hy an anaesthcti* 
>:at!on of the hepatic Ci 'eliminating capacity i.s further shown by 
the fact that a similar Ci/s rise also occurs after nephrectomy 
3vithout anaesthesia. The experiments recorded above, therefore, 
confirm my earlier conclusions that the kidneys of the normal 
mammalian organism handle the greater portion of tlio Gi-elim- 
ination. 
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The investigations into the causes of the fall in the Gils and 
the high Oi-eliminating power the day after an operation are being 
continued. 


Summary. 

A series of experiments on rabbits has shown that 

1) Ether anaesthesia does not alter the citric-acid content of 
the blood serum (Ci/s) in a nephrectomized animal, just as little as 
it does in a normal animal; 

2) Gi-elimination in a nephrectomized animal proceeds with 
the same intensitj’’ both before and after an ether anaesthesia; 

3) After nephrectomy without anaesthesia the Ci/s rises, as it 
also does after nephrectomy under anaesthesia; 

4) After nephrectomy without anaesthesia the elimination of 
administered Ci is considerably slowed up as compared with the 
elimination before the nephrectomy. 

The e.xperiments show that the anaesthesia administered in the 
writer's earlier animal experiments did not influence the results of 
the investigation, which have accordingly been confirmed. 

The present investigation has been conducted wth the assistance 
of a grant from "Stiftelsen Theresc och Johan Anderssons Minne” 
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Borsiiure und Staiidardstoffweclisel. 

Von 

G. I/ILJESTRAiro und G. 

Eingereicht am 24. November 1942. 


Bor ist ein normaler Korperbestandteil des tierischen Organis- 
mus (Bertrand und Agulhon 1912, 1913, Hove, Elvehjem 
und Hart 1939). Wahrend es aber bei Pflanzen fiir Wacbstum 
und normale EntwicHung notwendig ist, diirfte ibm bei Tieren 
keine abniiche Bedeutung zukommen. Hier ist es wahrscheinlich 
nur als zufallige Verunreinigung zu betracbten, die durcb den 
Borgebalt der Nabrung verursacbt wird. Hove, Elvehjem und 
BLart fanden nambcb, dass das Wacbstum von Batten, die mit 
der Kost nur 0. 8 Jlikrogramm Bor pro Tag erbielten, normal war, 
was Orent-Keiles (1940) bestatigt bat. Wurde mebr Bor zuge- 
fiibrt, wurde das Wacbstum nicbt gebessert. Andererseits wurde 
eine Abnabme des Keproduktionsvermogens bei weiblichen 
Batten beobachtet, wenn die tagliche Boreinnabme auf 1 000 
Mikrogrammen stieg. Puhlmann (1939) bat ebenfaIJs bei genii- 
genden Mengen eine Beeinflussung der Sexualfunktionen geseben. 
Bei weibbcben Batten, die wahrend 10 Tage mit dem Putter 
0.5 Proz. Borsauxe verzebrten, trat eine reversible Brunstbem- 
mung ein. Eine abnlicbe Brunstbemmung oder Dauerbrunst sab 
er nacb tagbcben subkutanen Injektionen von 0.75 — 1.0 g pro kg. 

Aucb beim Menschen konnen. u. U. Giftwirkungen von der 
Borsaure bervorgerufen werden; sogar Todesfalle infolge subkuta- 
ner Einverleibung von Borsaurelosung (durcb Verwechslung mit 
pbysiologiscber Kocbsalzlosung) sind bescbrieben worden (Cush- 
ing 1930, Tartiainen und Oravainen 1933). Es gebt aber aucb 
aus diesen Beobacbtungen bervor, dass die Giftigkeit nicbt 
besonders gross ist. 
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Selir umstritten ist dagegen, inwieweit massige Borsauremengen 
Bei peroraler Zufiihr ebenfalls ungiinstig einwirken. Diese Brage 
ist von Interesse toils wegen der ab und zu empfohlenen An- 
wendung der Borsaure als therapeutisckes Mttel, toils und hanpt- 
sacblicb ans dom Grunde, dass Borsaure eine wicbtige Eolle znm 
Konservioron von Nakrungsmitteln gespielt bat und in gowissen 
Ballon (fiir Krabbon, Kaviar, Eigelb) nocbt spielt. Unter den 
zabbreicben Aibeiten bieriiber stud die umfassenden XJntersu- 
cbungen von Rost und seinen Sfitarbeitern (1903) besonders be- 
kannt. Sie babeb. zweifelsobne zu den Einscbrankungen in bezug 
auf die Verwendung der Borsaure als Konservierungsmittel in 
vielen Landern Aniass gegeben. Aus den Untersucbungen ging 
bervor, dass lokale Reizerscheinungen (Rotung, Entziindung^ 
Atzung) nur bei sebr grossen Dosen und boben Konzentrationen 
entsteben und zwar vorzugsweise bei Versucbstieren, die sicb 
nicbt durcb Erbrecben scbutzen konnen. Die vom Menscben 
eingenonunene Borsaure wird ziembcb langsam eliminiert, so 
dass eine gewisse Gefabr der Kumulation im Korper besteben 
soli. Rost bebauptet, "Wirkungen auf die Ausnutzung der Kost 
und auf den Stoffwechsel gefunden zu baben. Nacb 1 — 3 g Bor- 
saure taglich soil eine Herabsetzung der Ausnutzung eintreten. 
Was den Stoffwecbsel betrifft, beobacbtete Rost nacb taglicber 
Zufubr von 3 g Borsaure vahrend 12 Tage (7 Versucbe an 5 
Personen) einen Gewicbtsverlust, der seiner Meinung nacb nicbt 
vollstandig von der durcb die Borsaure bervorgerufenen Diurese- 
steigerung erklart werden kann. Rost meiut, dass die Borsaure 
eine Vermehrung der Eettverbrennung bewirkt bat. Damit scbien 
zu stimmen, dass Rubnbr (1903) bei zwei der Versucbspersonen 
Vermebrung von Wasser- und Koblendioxydabgabe bei relativer 
Rube wabrend der Borsaureperiode im Vergleicb mit der Normal- 
periode beobacbtete. 

Die Untersucbungen von Rost und Rubner wurden von Han- 
sen und Gloppb (1932) eingebend kritisiert. Beziiglich der ge- 
fundenen Herabsetzung der Ausnutzung der Kost beben sie 
bervor, dass der Befund unregelmassig ist — er wird in gewissen 
alteren Versucben aber auch bei einigen von Rosts Versucbs- 
personen vermisst. Ob die Erklarung in eine scbwacb abfiibrende 
AVirkung oder in einen spezifischen Effekt der Borsaure gesucht 
werden soli, ist unbekannt. Bei A^ersucbspersonen, die auf gewobn- 
licber, nicbt begrenzter Kost steben, ist diese Wirkung praktiscb 
obne Bedeutung, wabrend sie bei knapper Kost vermutlicb zu 
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Ta- 

Miitelwerte des 

Bezeichnungen: 1= ZaH derTage. 2= ZaM der Tage, an welchen Bestimmungen gemacht 


Versnchs- 


Vorperiode 


Borsaureperiode* 


person 

1 

2 

3 

4 

1 

2 

CO 

A. A. 81 kg. . . 

11 

10 

292.2 + 6.30 

98.4 ± 1.62 

11 

10 

i 

266.0 ± 5.96 1 91.0 ± 1.81 

H. J. 70 kg. . . 

11 

10 

2.59.1 ± 2.64 

lOl.O + 1.47 

11 

10 

243.3 + 3.05 ; 96.4 + 0.87 

S. "W. 68 kg. . . 

22 

19 

222.3 -f- 1.47 

93.3 -1- 0.72 

5^ 

5 

217.2 + 1.92 1 91.4 + 0.99 






16> 

14 

217.5 + 1.54 i 92.4 -+ 0.64 

E. B. 70 kg. . . 

14 

12 

2.31.9 + 4.04 

96.1 ± 0.96 

15 

12 

223.8 ± 2.96 1 92.5 ± 0.81 


einer Abmagenmg beitragen kann. Von gewisser Bedeutung ist 
dabei aucb die vermebrte Diuiese nnd Wasserabgabe auf anderen 
Wegen. Die von Rubner beobacbtete Steigerung des Stoffwecb- 
sels isfc nicbt nnter Standardbedingungen gefunden worden, sie 
kann deshalb sebr woU indirekter Natur sein. Ebe Bestim- 
mungen nnter -wirklicben Rubebedingtmgen existieren, ruht die 
ganze Lebre von der spezifiscben Wirknng der Borsanrepraparate 
auf den Stoffwecbsel auf Vermutungen, 

Die Einwendungen von HIansex und Glopbe sind unserer 
Lleinung nacb vollkommen berecbtigt, Es ist unzweifelbaft, dass 
die von Rtjbxer gefundene Erbobung der Verbrennungsprozesse 
nicbt fiir eine spezifiscbe Wirkung der Borsaiire beweisend ist. 
Die nabere Durcbsicbt der Versucbe zeigt dies sebr deutlicb. Die 
Kohlendioxydabgabe wabrend der Normalperioden betrug bei 
seinen Versucbspersonen pro 24: Stunden im Durcbscbnitt 678.2 
bzv 692.9 g. Hieraus ergibt sicb eine COo-abgabe pro Minute von 
240, bzw 245 ml. Rimmt man einen respiratoriscben Quotienten 
von 0.75 an, erbalt man einen Sauerstoffverbraucb von 320, lozvr 
326 ml pro Min., was (bei dem Korpergewicbt von 63, bzw. 59 kg) 
entecbieden beweist, dass wirkbcbe Rubebedingungen nicbt 
vorhanden waren. Dies erklart aucb die sebr erbebbcben Scbwan- 
kungen von Tag zu Tag. Berechnet man in gewohnlicber Weise 
den mittleren Eebler des Slittels, erbalt man fiir Rtobxees Ver- 
sucbspersonen die folgenden IVerte fur die Roblendioxydabgabe 
fiir 24 SStunden (in g): 


^ 3 g Borsaare pro Tag. 

- 0.5 g Borsaare pro Tag. 
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belle. 

Standardstoffwechsels. 


sv-nrden, 3= 0,-Verbrancb, ml pro Min., 4= Relativer Standardstoffwechsel in Prozent. 


N 

a c h p e I 

i 0 d e 

Differenz Vorperiode — 
Borsfinreperiode 

Differenz Borsanreperiode | 
— Nachperiode i 

i:2 


4 

3 

4 

3 

4 

1 

1210 

) 

269.8 + 2.78 

90.6 ±,0.9G 

26.2 ± 8.67 

7.4 ± 2.43 

- 3.8 + 6.56 

0.4 + 2.05 j 

12; 10 

248.1 + 1.94 

97.7 + 0.85 

15.8 + 4.03 

4-6 + 1.71 

- 4.8 ± 3.62 

- 1.3 + 1.21 i 

4 4 

218.8 + 3.2G 

93.0 ± 1.34 

5.1 + 2.48 
4.8 ± 2.13 

1.9 ± 1.22 
0.9 ± 0.9G 

- 1.3 + 3.60 

1 

! 

— 0.6 + 1.48 1 

13; 11 

223.1 + 1.72 

92.5 + 0.94 

8.1 + 5.20 

3.C ± 1.25 

0.7 + 3.42 

O.O ± 1.24 ! 


Versuclis- 

person 

A1 . . . . 
Br . . . . 


Nonnalperiode 

678.2 ±11.7 
692.9 ± 8.6 


Borsiiureperiode 
(3 g Borstiure 
taglich) 

795.2 ±43.1 
738.6 ±22.0 


Differenz 

117.0 ±45.0 
45.7 ±23.6 


Die Differenzea sind offenbar nicht statistiscb sicbergestellt. 

In TJnseren Yersuchen wurdcn der Einfluss der Borsaure auf den 
Standardstoffwechsel (Gruuduinsatz) bei vicr gesunden mannlichen 
Versuchspersonen' im Alter von 25 — 30 Jahren bestimmt. Die Ver- 
suchsperson kam taglich — mit Ansnahme der Sonntage — friih am 
Slorgen niichtern ins Laboratorium, ruhte etwa Stunden bequem in 
einem Leigestuhl, worauf der Sauerstoffverbrauch mit deni Spiro- 
meter von Krogh (1920) ermittelt wurde. Bei den zwei ersten Ver- 
suchspetsonen (A. A. und H. J.) wurde nur eine tagliche Bestimmung 
ausgefiihrt, bei den zwei spater untersuchten (S. W. und E. B.) wurden 
dagegen regelniassig zwei Bestimmungen kurz uach einander gemacht, 
aus denen dann der Mittelwert des betreffenden Tages erhalten ivurde. 
Eur jede Versuchsperson kam zuerst eine Vorperiode, die bei A. A. 
und H. J. 11 Tage (mit 10 Bestimmungen) umfasste, bei E. B. auf 14 
Tage (12 Doppelbestimmungen) und bei S. W. auf 22 Tage (19 Doppel- 
bestimmungen) ausgedehnt wurde. Unmittelbar nach der letzten Be- 
stimmung der Vorperiode wurde Borsaure gegeben und zwar 1 g 3 mal 
taglich in Kapseln nach dem Essen. Am folgenden Tage wurden mit 
neuen Bestimmungen des Sauerstoffverbrauchs angefangen. Die Bor- 
saureperiode dauerte 11 bis 16 Tage; in einem Ealle (bei S. W.) wurde 
zuerst nur 0.5 g Borsaure taglich wahrend 5 Tage gegeben, dann kamen 
16 Tage mit 3 g Borsaure pro Tag. Endlich folgte bei samthchen eine 
Nacfaperiode von 4 bis 13 Tagen ohne Borsiiure. Aus deii gefundenen 
Werten fiir den Sauerstoffvcrbiauch wurde teils das Mittel der be- 
treffenden Periode nebst; dessen m>ttleren Eehler in gewohnlicher Weise 
berechnet, teils "wurde auch unter Beachtung des taglich festgestellten 
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Korpergewichtes imd der Korperlange sowie Alter der Sauerstoffver- 
brauct nach Habbis rmd Benedict (1919) ermittelt. In der Tabelle 
oben wird das Verhaltnis zvrischen dem direkt gefundenen Werte nnd 
dem nacb Benedict und Habbis berecbneten als xelativer Standard- 
stoffwechsel bezeichnet. 

Die Versuchspersonen batten von der Borsaure keine Unbe- 
bagen; nur in einem Falle spiirte die Versucbsperson nacb 4 
Tagen leicbte Bancbscbmerzen, die bald voriibergingen. Das Kor- 
pergewicbt bielt sicb in alien Fallen mit kleinen Scbwankungen 
in beiden Ricbtungen annabernd konstant. 

Unsere Ergebnisse verden in der Tabelle zusammengestellt; 
mn Baiun zu ersparen, werden nur die blittelwerte fiir die be- 
treffenden Perioden mit ibren mittleren Feblem angegeben. 

Die Werte liegen so gut wie immer etwas niedriger als der 
Standard von Harris und Benedict. Dies stebt in guter Uber- 
einstimmung mit friiberen Ergebnissen aus Scbweden, indem 
bei geniigend langer Rube vor dem Versucb nacb mebreren 
Verfassern abnlicbe Abweicbungen nacb unten gefunden wurden 
(z. B, Liljestrand und Stenstrom 1925, Wising 1934). 

Ein Biick auf die Tabelle zeigt sofort, dass die Zufubr der Bor- 
saure keine Erbobimg des Sauerstoffverbraucbs bervorgerufen 
bat. Aus den Differenzen zwiscben den Mittelwerten der Vor- 
periode und der Borsaureperiode einerseits und zwiscben der Bor- 
saureperiode und der Nacbperiode andererseits, wie sie in den 
beiden letzten Spalten der Tabelle gegeben werden, ist ersicbtbcb, 
dass der Sauerstoffverbraucb in der Borsaureperiode in keinem 
FaUe grosser als in der Vor-, bzw. der Nacbperiode ist. tlber- 
baupt zeigt sicb fiir jede Versucbsperson eine auffallende Konstanz 
der Sauerstoffwerte wabrend des ganzen Versucbs. In zwei Fallen 
{A. A. imd H. J.) ist der Sauerstoffverbraucb in der Vorperiode 
sebr wenig bober als in den beiden spateren; wenn die kleinen 
Scbwankungen des Korpergewicbtes beriicksicbtigt werden, wie 
es bei der Berecbnung des relativen Standardstoffwecbsels der 
Fall ist, sinkt bei H. J. der Unterscbied unter 3 mal des mittleren 
Fehlers und ist also nicbt statistiscb sicber, wabrend er bei A. A. 
-eben als sicber betracbtet werden kann, Vermutlich bedingt die 
^imebmende Ubung im Laufe des Versucbs eine voUstandigere 
Muskelmbe, wodurcb der Unterscbied erMart werden diirfte. Aus 
dieser Uberlegung wurden bei S, W. und E. B. die Vorperioden 
ctwas langer genommen, und jetzt fallen aUe Differenzen inner- 
balb der Feblergrenzen. Wir meinen desbalb, dass wir berecbtigt 
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sind, alls unseren Versuchen die Sclilussfoigerung zu ziehen, dass 
3 g Borsauxe taglich genommen wahrend 10 — 16 Tage beim 
envacbsenen Mensciien den Ruhestoffwecbsel nicbt anderfe. Die 
Behauptung, dass die Borsaure in diesen Dosen einen ungiinstigen 
Einfluss auf den Stoffivechsel ausiibt, kann nicbt aufrecbterbalten 
iverden, nnd die Anffassung, dass die erwahnten Mengen von 
Borsaure schadlich virken, muss desbalb revidiert werden. 

Zusammcnfassungr. 

Bei vier gesunden mannlicben Versucbspersonen batte 3 g 
Borsaure, taglich wabrend 11 — 16 Tage genommen, keinen Ein- 
fluss auf den Standardstoffwecbsel. 
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By 
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Received 5 December 1942 . 


Rottensten (1938) found that young rats previously fed on 
a calcium rich diet absorbed less calcium than rats previously 
on a diet poor in calcium, when the absoiption was tested in the 
two groups with the same amount of calcium in the diet. 
Children on diets rich in calcium and vitamin D absorb con- 
siderable amounts of calcium, as compared with adults. The same 
phenomenon can be observed in rats. 

The experiments here presented represent a more detailed 
study of the mechanism concerned. 


Experimental. 

Only one calcium "free” basal diet was used throughout. It con- 
sisted of: 

10 % wheat gluten 

2 % egg albumin 

3 % dried brewer’s yeast 

SI % whole wheat flour 

1 % RaCI 

0.2 % ferrous citrate 
with a calcium content of 0.04 %. 

To this diet were added different amounts of calcium carbonate 
and calcium phosphate according to the planning of the actual experi- 
ment. Vitamin A was supplied as “Vogan” 10 I. XT. daily. Only two 
series of experiments were performed in vitamin D deficient rats. 
In all the other experiments 20 I. U. •\utamin D, was given daily. 
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The Absorption of Calcium in Young Rats a) with and 
h) without Vitamin D, and on DijBFerent leyels 
of Calcium in the Diet. 

Experiment a. 

Two groups of rats, four weeks old were fed on the basal diet 
for 1 month, one group receiving 20 i 1 mg Ca in the diet (0. 4 % 
CaCOs in the diet), the Other group about 100 mg Ca daily (1 % 
CaCOs and 1 % CaHP 04 in the diet). 

Next absorption experiments were started (technique see 
Nicolaysen and Jansen 1939). The results are given in Table I. 

Table I. 

Ca rich verstis Ca poor diet; 20 I. U. vitamin D daily. 


Previously Previonsl}' 

0.95 % Ca in the diet 0.2 % Ca in the diet 


5th week 6th week 5th week 

mg Ca absorbed daily 
(Ca intake about 100 mg daily) 

6th week 

14 

19 

30 

26 

20 

20 

31 

26 

21 

21 

32 

27 

21 

21 

33 

30 

21 

22 

38 

30 

22 

24 

39 

30 

22 

25 

39 

34 

25 

26 

40 

35 

26 

26 

40 

36 

28 

27 

41 

37 

28 

28 

42 

41 

31 

_29 

49 

42 

Average; 23 

24 

38' 

33 

% absorption 11 — 22 

15—26 

25~3B 

20—29 

The rats previously 

fed on a 

calcium poor diet absorb di- 

stinctly more calcium when shifted over to a 

Ca rich diet, than 


those previously fed on a Ca rich diet. 

The difference is more pronounced in the 5th week of the ex- 
periment i. e. in the first absorption experiment than in the fol- 
lowing week. 

The rats continuously on a diet rich in calcium absorbed less 
calcium in the later than in the earlier weeks. Taking the experi- 
ments later reported into account, this result demonstrates how 
rapidly the high absorption ability may decrease. 



202 


KAGNAR NICOLAYSEN. 


The chief inference to be drawn from these observations is 
that there is an endogenous factor in the regulation of the absorp- 
tion of calcium. 

Experiment b 

was a true repetition of exp. a with the only difference that 
the rats now received no vitamin D. Table II gives the results. 
The ability to absorb calcium is low in both groups of rats, and 
there is a statistically hardly significant difference between the 
two groups. 

Table n. 


Ca rich versus Oa poor diet — vitamin D. 


Previously 

Previously 

0.95 .5 Ca 

in the diet 

0.2 % Ca in 

the diet 

5th week 

6 th ^veek 

5th -vreek 

6th week 


mg Ca absorbed daily 
(Ca intake about 75 mg daily) 

A 


8 

■s 

5 



10 

8 

11 

4 

10 

8 

11 

5 

12 

8 

12 

7 

13 

9 

13 

9 

13 

10 

14 

10 

14 

11 

15 

11 

14 

11 

15 

12 

14 

12 

17 

13 

15 

13 

17 

15 

15 

15 

21 

18 

Average: 12.5 

8.7 

14.6 

10.4 

This result indicates that although the saturation of the body 
with calcium influences the ability to absorb calcium, vitamin E 
is the prime regulating factor, without which the endogenous 

factor loses practically all effect. 




The Absorption of Calcium from Isolated Loops of 
the Small Intestine in Eats on Eifferent 
Lerels of Calcinm in the Diet. 

These experiments were a true repetition of ejqperiments a) 
above reported, with the one difference that now the absorption 
after one month was studied from isolated loops. 
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The technique has been described in an earlier paper (Nico- 
LAYSEN 1937). The results are given in Table III. 

Table III. 

Absorption of Ca from isolated loops of the jejunum. 8 ml Cacl„ 
coniaininff 10 mg Ca injected into SO cm loops. 

Previously Previously 

0.05 Ca in the diet 0.2 % Ca in the diet 
20 L U. vitamin D daily 20 T. U. vitamin D daily 
mg Ca absorbed in 5 hours 
1.0 


2. K 4.2 

2.0 4,6 

:i.6 4.3 

2.5 0.0 

3. G 5.1 

2.7 5.1 

.2.S 5..5 

^ 4.7 6.5 

.Average; 3.2 4.9 


It appears that the endogenous factor influences the velocity 
ivith ivhich calcium passes through the intestinal epithelium. 
When plotted graphically, these residts and the results obtained 
in experiment a) give curves of essentially the same type, although 
the spreading of the rc.sults is greater in the last experiments. 
There is alvay.s an uncertainty in the measuring of a 30 cm loop, 
this may be a sufficient explanation of the greater spreading. 
It is logical to conclude, however, that the endogenous factor 
acts by increasing the velocity with which calcium passes through 
the intestinal epithelium. 


Exporiinents in Old JInts. 

A group of two year old rat-s were given the calcium "free” 
basal diet + 20 I. U. vitamin D daily for 4r months. Next the 
absorption of Ca was studied in ordinary weekly metabolism ex- 
periments as well as from isolated loops. 

The results are given in Tables IV and V from which it is seen 
that the absorption of calcium is very slow as compared with the 
absorption in young rats on a Ca poor diet. The ash content of 
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the bones in the old xats was about 55 % as compared with 
about 65 % in adult not Ca starved rats. 


Table IT. 

Absorption of Ca in 2 year old rats previously Ca starved for 4 
months. 20 I. U. vitamin B daily. 


Daily intake about 30 mg Ca. 

nia 2 month old rats, 

0.2 Ca in the diet 
mg Ca absorbed daily 




4 

4 

6 

8 

10 


26 

22 

22 

27 

27 


13 


25 


Table T. 

Ca absorption from isolated loops of the jejunum in 2 year old rats 
previously for 4 months on a Ca ifree* diet. S ml CaCln containing 
10 mg Ca injected into SO cm loops. 

10 weeks old rats, previously 

for 6 weeks on 0.2 Ca in old rats 


the diet 


mg Ca absorbed in 

5 hours 

5.8 


5.9 


6.0 

1.9 

6.1 

2.3 

6.1 

2.3 

6.3 

2.4 

6.8 

2.5 

6.9 

2.9 

7.4 

2.9 


Experiments in Pregnant Bats. 

A group of female rats about 1 year old were put in a breeding 
cage together with a suitable amount of bucks. They were all 
given the calcium “free” basal diet + 20 I. U. vitamin D daily. 
When the females 2- -3 weeks later were observed to be preg' 
nant they were isolated in separate cages, A series of experiments 
were then performed on them either the day after parturition or 
just before (the fetuses removed by Cesarean section throve 
just as well as those born the natural way). 
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Table VI gives, tbe results which demonstrate that the absorp- 
tion is just as slow as in old rats. The endogenous factor thus 
does not influence calcium absorption in pregnancy. 

Table YL 

Absorption of Ca from isolated loops of tne jejunum. S ml Cacl^ 
containing 20 mg Ca injected into SO cm loops in pregnant rats 

at term. 


2 -month old rats 


0.2 Oa in the diet 

Pregnant rats 

for 1 month 

Ca starved 

20 I. U. vitamin D 

20 I. U. vitamin D 

daily 

dailj' 

mg Ca absorbed 

in 5 hours 

3.4 


4.2 


4.5 

2.2 

4.8 

2.3 

5.0 

2.4 

5.1 

2.G 

5.1 

2.G 

5.5 

2.9 

6.5 

4.3 

Average: 4.9 

•2.8 


Calcium Absorption and tbe Endocrine Glands: 
Thymus and the Gonads. 

As the endogenous factor apparently disappeared at a young 
age, it might be that the two endocrine glands undergoing essential 
functional changes at the time of puberty, had someting to do 
with the regulation of the absorption of calcium. 

Young female rats were given the basal diet ^vith the addition 
of 0.4 % CaCOs and 20 I. U. vitamin D daily. Vaginal smears 
were taken at intervals until oestrus appeared. The absorption 
of Ca was then studied from isolated loops. Table VII gives the 
results. The speed of absorption is the same in sexually mature 
rats as in younger, still sexually immature rats fed for 4 weeks 
on the same Ca poor diet, 

A group of 4 week old rats were thymectomized. 

The sternum was cut longitudinally down to over the heart and 
thymus removed whole in its capsule. Extraordinarily light blimt 
dissection is necessary in order not to severe pleura. Of 28 rats 6 died 
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of phenmnotliorax, tte rest survived and tlixove just as well as young 
non-operated rats. Tlie operation wliicli takes 4-^ minutes was per- 
formed in ether anesthesia. 

Table TIT. 

Absorption of Ca from isolated loops of the jejunum. 3 ml CacU 
containing 10 mg Ca injected into SO cm loops in sexually mature 

female rats. 


2 month old rats 

0.2 ^ Ca in the diet 
for 1 month 

20 I. U. vitamin D 
daily 

mg Ca absorbed 

Previously 

0.2 Ca in the diet, 
rats in oestrus 

20 I. TJ. vitamin D 
daily 

in 5 hours 

3.4 


4.2 


4.5 


4.8 

3.2 

5.0 

3.7 

5.1 

4.1 

5.1 

4.9 

5.5 

5.2 

6.5 

5.2 


After 4 weeks on the diet with 0.4 % CaCOs 20 I. IJ. vitamin 
D daily the absorption was studied in isolated loops. 

From Table A^III it is seen that the absorption is just as rapid 
as in non-operated rats on a Ca poor diet and distinctly quicker 
than in a group of rats previously fed on a Ca rich diet. 

Table YHI. 

Absorption of Ca in 2 month old rats 1 month after thymectomy. 
20 I. V. vitamin D daily. 8 ml CacU containing 10 mg Ca injected 
into 30 cm loops of the jejunum. 


Xot operated rats 

Thymectomized rats 

Previously 

Previously 

Previously 

0.95 ^ Ca 

0.2 Ca 

0.2 ^ Ca 

in the diet 

in the diet 
mg Ca absorbed in 
3.4 

4.2 

in the diet 

5 hours 

2.7 

4.5 

3.1 

2.8 

4.8 

3.4 

3.5 

5.0 

3.G 

3.7 

5.1 

4.4 

3.7 

5.1 

- 5.2 

3,7 

5.0 

5.6 

4.3 

6.5 

5.6 
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A Detailed Study of the Calcium Absorption 
in Young Rats. 

Here three different series of experiments will he reported. 
1. The rats used in the first, experiments were fed from 4 weeks 
of age as follows: 

For 4 weeks about 20 mg Ca in the daily ration, 
for 5 weeks (in the first two the absorption was studied as 
reported in experiment a)) about 100 mg Ca in the daily ration, 
for 3 weeks about 30 mg Ca daily, 
for 9 Aveeks about 5 mg Ca daily. 

The rats Avere then 6 months old. The absorption A\'as studied 
at this age and Avdien on about 30 mg Ca daily. Table IX gives 
the results. 

Table IX. 

Ca absorption in rats at S'/s and <> months of age after different 
levels of Ca in the diet 20 I. U. vitamin J) daily. About SO mg 

Ca in the daily ration. 


3V» months old 

6 monthfl old 

after 5 A\-eeks on 

after 9 weeks on 

O.-OS •; Ca in the diet 

a On >frco diet* 

mp Ca absorbed daily 

7 


9 


10 

4 

11 

7 

12 

7 

12 

8 

in 

8 

rn 

8 

13 

S 

14 

9 

l.'j 

9 

15 

10_ 

Average: 12 mg 

8 mg 

% absorption: 36 

26 


The percentage Ca absorbed is very low as compared Avith the 
percentage absorption in rats fed on a Ca poor diet continuously 
for 6 months (see the next experiment). 

2. A group of 12 rats Avas taken into experiment AA-hen 4 AA'eeks 
old. Every month absorption Avas tested in AA'eekly experiments 
Avith 0,4 % CaCOj added to the diet. In the intervals they Avere fed 
on decreasing amounts of Ca (0.11 % Ca in the first 3 months; 



208 


EAGNAP. NIGOEATSEN. 


0.07 % Ca in tlie following montlis). When 6 months old the 
rats were given 1 %, Ga CO3 -f I % CaHPOi in ^the diet for 4 
weeks. IPinally the absorjition was again studied with 0.25 % 
in the diet. 

Figure 1 summarizes the results. It is seen that the absorp- 
tion drops from over 80 to near 60 % in the first months, but 


Age in months 

1 a 3 4 5 6 7 



that it is then maintained at this level, until a Ca rich diet provokes 
a distinct fall again. The Ca intake in these experiments was 
about 30 mg daily in the first months and then increased to be- 
tween 30 and 40 mg daily. 

3. A group of 12 rats was fed on a diet with 1 % GaGOg + 1 % 
CaHPO^i for 8 months without any vitamin D. Next they were 
given 20 I. TJ. vitamin D daily and the absorption studied in one 
week’s experiment on 0.25 % Ca in the diet. 
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^ Whenever changing from a Ca rich to a Ca poor diet before absorp- 
tion experiments, the rats were for 3 days given the diet with 0.26 % 
before the absorption experiment was started. 

The rats were again put on the Ca rich diet for 1 month after 
which the absorption was again tested on 0.25 % Ca in the diet. 
The results are given in Table X. 

Table X. 

Oa absorption in rats fed on a vitamin D free Ca (0.9S %) and P 
rich diet for S months, and then given 80 1. U. vitamin D daily. 


rag Ca daily 
in the food 

% absorption 

31 

78 

32 

78 

37 

76 

37 

73 

38 

74 

41 

73 

44 

64 

45 

66 

45 

78 

48 

77 

49 

74 

49 

73 


Ca absorption in the same rats 1 months later, after 0.9S fe Ca and 


80 I. U. vitamin D 

in the diet. 

mg Ca daily 
in the diet 

% absorption 

25 

28 

33 

21 

34 

27 

36 

20 

37 

24 

33 

24 

42 

26 

43 

26 

46 

22 

46 

26 

4b 

28 

50 

26 


The 8 month old rats demonstrate a highly efficient absorption 
of Ca when given vitamin D, but the absorption rapidly drops to 
the adult level when the body is saturated with Ca by the aid 
of Ca and vitamin D in the diet. 

14 — J24075. Acfo phys. Bcandinav. Vol, 5. 



210 


BAQNAR NICOLAYSBN. 


Discussion. 

The three last series of experiments are without any details 
reproduced in Fig. 2. 

The essential points are: 1. When the body is unsaturated with 
calcium at that age when growth slows down, Ca starvation cannot 
again increase the velocity with which Ca passes through the 


Aqe in months 

133456789 



Kg. 2. 

intestinal epithelium. 2. When the body is kept unsaturated with 
calcium, the velocity of Ca absorption may be kept on a very 
high level until adult age. 

All experiments taken into account it is hardly possible, that 
the different levels of Ca in the diet affect the intestinal epithelium 
by a direct effect on this membrane. The first of the last three 
experiments points strongly against such an interpretation. 

Ca starvation in adults provokes osteoporosis and not any 
rich reocurrence of osteoid tissue. In a skeleton continuously 
undernourished with Ca from a very early age, osteoid tissue 
will continue to be present until saturation with , bone salts. 

Rats fed on a Ca and P rich diet without any vitamin D may 
calcify their skeleton very well, still there is an essential dif- 
ference in the architecture of the bones as compared with rats 
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on the same diet + vitamin D. (Nicolaysen and Jansen 1939 ). 
The difference rapidly disappears on addition of vitamin D. 

The logical interpretation of the endogenous regulation of Ca 
absorption, as described in this paper, is that the immature ske- 
leton, possibly by the production of a hormone, influences the 
speed uith U'hich Ca passes through the intestinal epithelium. 
Hovrever, it would be premature more than to merely suggest 
such an explanation. 


Summary. 

1. The speed of absorption of calcium in rats is influenced by 
the Ie%'-els of calcium in the diet; but only as long as the skeleton 
is kept unsaturated with calcium salts from an early age. 

2. Calcium starvation in adult rats and in pregnancy does not 
increase the speed of absorption of calcium. 

3. Thymus and the gonads do not appear to influence the ab- 
sorption of Ca. 


Conclusion. 

There is in growing animals an endogenous factor in the regu- 
lation of calcium absorption. This factor has hardly any effect 
in the absence of vitamin D, which consequently in growing 
animals is the prime regulating factor. In adults vitamin D 
exerts only little effect on the absorption of calcium because the 
endogenous factor is absent. 
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Calcium metali)olism and citric acid. 

By 
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Shohl (1937) reported that citric acid-citrate mixtiire added 
to the diet prevented rickets in rats. As citric acid forms a soluble 
complex calcium salt, the explanation suggested itself, that Ca 
and P absorption was promoted. 

Dickens (1941) found rich amounts of citric acid in the skeleton. 
In the bones of a rachitic kitten the concentration was reduced 
50 %• 1^0"^ vitamin D and the endogenous factor in calcium 
absorption (Nicolaysen 1943) act analogously on the passage 
of calcium through the intestinal epithelium. It might be that 
they both acted through the citric acid, which could be thought 
to transport Ca through the intestinal wall. 


Experimental. 

First an attempt was made to cure rickets in rats by subcuta- 
neous injections of sodium citrate, but even very large doses 
were without any effect at all. It was next planned to study the 
absorption of calcium citrate from isolated loops. However, this 
salt is not soluble enough to permit reliable studies of Ca absorp- 
tion with the technique used in such experiments. 

As citric acid injected or ingested is nearly completely com- 
busted in the body, these experiments have not completely ruled 
out the suggested hypothesis. 
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Tlie Citric Acid in the Skeleton as Influenced by Yitamin 
I) and Different Levels of Calcium in the Diet. 

A group of rats was given a rachitic diet: 5 % egg albumin, 
1 % NaCl, 1 % tinned spinach, 2 % CaCOa, 91 % patent flour 
(on this diet severe rickets is constantly produced in this labora- 
tory in 15 days). Another group was given the same diet hut 
with 1 % CaCOs + 1 % CaHP 04 and 20 I. U. vitamin D daily 
to each rat. After 15 days the rats were killed. The citric acid 
(pentahromacetone method) and the ash content of the hones 
were analysed. 

Next two groups of rats were given the Ca “free” basal diet 
used in the previous publication. One group received 1 % CaCOg 
-j- 1 % CaHPOi, the other 0.4 % CaCOg in the diet. All rats were 
given 20 I. U. vitamin D daily. After 1 month the rats were MUed 
and citric acid and the ash content of the hones were estimated. 

The results are given in the tables 1 and 2. 


Table 1. 


Ciiric acid in ihe skeleton. 


+ "vitamin D 
Ca and P rich diet 


6 — 7 "Vi’cck old rats 


— vitamin D 
Ca ricli P poor diet 


Citric 

ash 

ash 

Citric 

ash 

ash 

acid 

citric acid 

acid 

citric acid 

% 

% 


O' 

fV 

% 


O.GG 

49.2 

85 

0.14 

25.5 

175 

0.G6 

49.2 

85 

0.12 

30.8 

260 

0.50 

41.1 

80 

0.18 

27.0 

210 

0.6C 

48.4 

85 

0.16 

28.2 

180 



Table 2. 





Calcium rich versus calcium poor food. 




+ vitamin D 



Ca rich food 
).95 % Ca in the diet 

9 "week old rats 


Ca poor food 

0.2 % Ca in the diet 

Citric 

ash 

ash 

Citric 

ash 

ash 

acid 

citric acid 

acid 

citric acid 

% 

% 


% 

% 





0.46 

46.4 

101 

0.68 

55.0 

80 

0.49 

43.9 

89 

0.50 

56.6 

112 

0.42 

43.9 

106 

0.68 

57.6 

109 

0.62 

45.4 

87 

O.co 

60.3 

101 

0.42 

. 44.2 

105 
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The citric acid content of the hones in Ca suhnourished rats 

• 1 ^ ash 

IS lower that in the Ca rich rats, but the ratio -r— : rr is the 

citric acid 

same in the two groups. 

The vitamin D deficient rats present quite another picture. 
Here not only is the citric acid depressed to about of the normal 

ash 

content, but the ratio — r— 7 rr is doubled. Thus vitamin D 

citnc acid 

influences the concentration of citric 'acid in the bones independent 
of the calcification. 

These experiments indicate, that vitamin D and the endo- 
genous factor in the skeleton may promote Ca absorption in 
different ways. 


Summary. 

Injections of citric acid will not cure rickets in rats. Ca sub- 
nourishment depresses the citric acid content of the bones but 
only in proportion to the reduction of the ash content. 

In vitamin D deficient rats the citric acid content of the bones 
is greatly reduced, but in disproportion to the decrease of the ash 

ash 

content. The ratio -r— : in the experiments here reported 

citric acid ^ 

was about doubled. 
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The Utilization of Calcinin Soaps in Eats. 
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Several earlvci authors have studied the influence of fat and 
fatty acids on calcium absorption. They have been compiled by 
Boyd, Ckum and Lymak (1032). These autliors studied the ab- 
sorption of calcium soaps in young rats on a fat free diet and found 
on a calcium intake of 37 to 50 mg per rat per day the follouring 
utilization values for the various soaps; Calcium stearate 25 per 
cent, calcium pnlmitntc 38 per cent, calcium olcate 90 per cent. 
On a calcium intake of 20 to 32.5 mg of calcium daily the utiliza- 
tion values were; Calcium stearate -15 per cent, calcium palmitate 
C5 per cent and calcium olcate 91 per cent. 

Westkrruxd (1935) claimed that margarine as compared 
with butter has a deleterious effect on the absorption of calcium 
in rats, \YiDMAnK and Kkymark (1930) supposed that the 
saturated fatty acids in margarine act unfavorably on the ab- 
sorption of calcium, v. Ivuder et nl. (1938, 1939) repeated the 
e.vporimcnts of IV'ESTiCRnuKD in rats and found, that when the 
difference in vitamin V content between butter and margarine 
had been eliminated, there was no difference in their influence 
on the absorption of calcium. N3CObAY,SEN (1938) reached the 
same conclu.sion in rats. He found no difference in the effect of 
margarine as compared with butter on calcium utilization in man, 
and that in rats hardened coco- and whalefat did not reduce the 
absorption of calcium. 

Thus it appears that different types of fata exert little effect 
on the calcium absorption. Still the enormous differences found 
by Boyd et al. in the utilization of calcium in different soaps 
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lemained iuie 35 )Iaiiied and a reinvestigation was necessary. The 
degree of body saturation witb calcium (Nicolaysen 1943) bad 
to be taken into account. 

Experimental. 


The following calcium soaps were used; 




Ca analysed 

Ca calcnlated 

Calcium 

palmitate .... 

. . . . 6.6% 

7.3 % 

» 

butyrate .... 

. . . . 16.7 » 

18.7 » 

r> 

ol63.i}6 , • - . • 

. . . . 9-9 » 

7.4 3> 

» 

stearate 

. . . . 6.8 » 

6.6 9 


• a 

. . . . 12.6 » 

18.4 9 


Three series of experiments were performed. 


1, The utiliaation of Calcium Soaps in Eats TJnsatnrated 
with Calcium but Given Ample Amounts of Vitamin D. 

A group of 20 rats 8 weeks old with severe rickets (the rachito- 
genic diet see NicOLaysen 1943), were given the following diet 
for 1 month; 3 % egg albumin, 3 % brewer's yeast, 0.2 % CaCOj, 
0.2 % ferric citrate, 1 % NaCl, 92.5 % whole wheat flour. Each 
rat was given 2 g. meat and 20 I. TJ. vitamin Dg daily. The rats 
now weighed 160 — 220 g. They were next given the calcium 
“free” basal diet (Nicolaysen 1943). The absorption of 30 mg 
calcium as stearate was then compared with the absorption of 
30 mg Ca as lactate in 1 week’s experimet (technique; Nicolaysex 
and Jaxsex 1939). To each rat was weighed off 10 g diet -f the 
calculated amount of stearate (according to previous analyses) 
daily. The diet was eaten quantitatively. 

Table I gives the results. 

Table I. 

Mg Ca absorbed daily. 


Lactate Stearate 

30 24 

so 26 

30 26 

32 27 

32 27 

32 . . ; 27 

32 28 

32 28 

32 ' 28 

33 : 30 


Average: 31.6 27.1 
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2. The Utilization of Calcium Soaps in Rats Saturated with 
Calcium and Given Ample Amounts of Vitamin D. 

A group of 30 rats were fed on a Ca and P ricli diet with 20 1. U. 
vitamin D daily to each rat until they were 3 months old. Next 
the absorption of different soaps was studied as appears from 
Table II. Each of the five different soaps was first tested in 6 
rats in one week'^s experiment. Then in another week the same 
soaps were tested in other groups of rats. 

Tabic 11. 


Mg Ca absorbed daily. 


Palmitnte 

Buivratc 

Oleate 

Stearate 

Lactate 

3 

3 

3 

5 

7 

6 

7 

9 

6 

9 

7 

9 

10 

6 

10 

8 

9 

11 

6 

11 

8 

10 

11 

7 

12 

8 

11 

12 

8 

12 

9 

12 

12 

9 

13 

12 

12 

12 

10 

13 

13 

13 

15 

11 

13 

14 

13 

15 

11 

14 

14 

14 

15 

12 

14 

14 

15 

16 

15 

15 

Average: 9.7 

10.7 

11.8 

8.8 

11.9 


S. The Utilization of Calcium Soaps in Vitamin D 
Deficient Rats. 

A group of 30 rats, 6 weeks old with severe rickets were for 
two weeks given the Ca and P rich diet (Nicolaysen 1943) with- 
out any addition of ^^tamin D. After 3 days on the Ca “free” 
basal diet the absorption of calcium soaps was studied. 

Table III gives the results. 

Table III. 

Mg Ca absorbed daily. 


Stc.iratc Lactato Oleate 

13 

13 14 13 

15 15 15 

15 16 15 

15 16 15 

16 18 16 

17 18 17 

18 18 17 

19 18 18 

19 21 20 


17 16 


Average: 16 
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Discnssion. 

It appears from table I that when rats are unsatiorated witb 
calcium and the absorption of calcium is very efficient, a statisti- 
cally significant, but comparatively small difference is observed 
in the utilization of calcium stearate as compared •with lactate. 
In rats saturated vith calcium and consequently vdth a reduced 
ability to absorb calcium, the difference is reduced and only on 
the borderline of being statistically significant. In the lactate 

11.9—8.8 

versus stearate experiments in Table II, t = -j=========== — 2,55. 

^ 0.672 

The other differences in these experiments Tvere smaller and 
consequently vdthout any significance. 

The experiments give a clear picture of the significance of diffe- 
rent degrees of body saturation with calcium as compared with the 
influence of different fatty acids on the absorption of calcium. 

From a practical point of view it must be concluded, that the 
utilization of calcium soaps is largely independent of the nature 
of the fatty acid. 

Conclusion. 

The utilization of calcium soaps as of other calcium salts is 
chiefly dependent on the body saturation with calcium and 
on vitamin D and largely independent of the nature of the 
fatty acids. 
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The micro-electrode technique, used in several previous contri- 
butions to the problem of colour reception (Gkanit el al., 1939 
— 42), is particularly -well suited for mammals on account of the 
ease with w'hich large isolated spikes are obtained from the inside 
of their retinae. Eats (1941 a) and guinea pigs (1942 a) have 
previously been used in these experiments. Such spikes are here 
shown in fig. 1 for the cat’s eye. 

The cats have been decerebrated, given some 5 — 10 cc ure- 
thane (20 %), cornea and lens have been removed from one eye 
— the eye of the side on which the carotid artery has been left 
untied before decerebration — and the micro-electrode finally 
been inserted under the microscope in the usual manner. This 
combination of urethane and decerebration proved to be better 
than heavier anaesthesia or decerebration alone. 

The large spikes, seen in fig. 1, are either well synchronized 
discharges from the axones of several ganglion cells or else impul- 
ses in single fibres. The all-or-none law is no reliable criterion 
for the degree of isolation as with the micro-electrode several 
factors, among them the influence of adjacent elements, less 
well placed relative to the electrodes, may cause changes in the 
size of the spikes. Differentiation between single and synchronized 
fibres — though theoretically important — cannot either be ob- 
tained by the analysis of the spectral properties of a given discharge 
of spikes because of the known existence of convergence of several 
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receptors towards the same ganglion cell. This cell may be the 
final common path for several rods as well as for rods and cones 
together (Polyak, 1936). Por this reason we have to expect 
both rod- and cone-properties from the same isolated spike, 
even if it belongs to a single fibre rather than to a number of well 
synchronized fibres. Actually all experiments up to date have 
proved this postulate to be correct. 

— I 

-4>M II II I II I III! 

III I 

- - 4 

Fig. 1. In each record lighfc signal, time in 50/sec. and spite activity. 

1, stimnlns of relative energy 6.3 at -wave-length 0.620 ft; 

2, same at relative energy 2.3; 

3, relative energy 2.5 at 0.460 ft. ■ 

4, from another experiment to illustrate element reacting merely to onset 
of illumination; -wave-length 0.500 ft. 

Fig. 1 refers to a particularly interesting, though not a very 
common type of response, in which an originally light-adapted 
eye had become dark-adapted during the experiment. The spikes 
illustrated had first given the distribution of sensitivity charac- 
terizing the so-called photopic dominator of fig. 3 whereupon, 
during dark-adaption, the sensitivity had risen greatly in the 
short wave-lengths. At this moment the records -were taken. 

1 and 2 are responses to stimulation with red light at relative 
energies 2.3 and 6.3, record 3 to stimulation with blue light at 
relative energy 2.5. These records are selected from a number 
of pictures in which a much larger range of relative energies 
from the tlireshold upwards led to the same characteristic dif- 
ference in the responses to red and blue stimuli. Thus this difference 
could not be an intensity effect. The blue stimuli gave discharges 
only at "on” and "off” and nothing during illumination, the 
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red stimuli elicited a train of impulses during illumination in 
addition to increasing the frequency at “on” and “off”. No 
difference could be seen between the spikes set up in the ganglions 
by the differently coloured stimuli and yet the red end of the 
spectrum must hare activated tbe discharging fibre through 
another channel than the blue one. 

Alternatively, as stated, the spikes, though they look as if coming 
from a single fibre, may have come from well synchronized elements, 
split up into separate fibres by the differently coloured stimuli. But 
n the latter case one would expect the spikes to decrease in size, when 
light from the ends of the spectrum are used as stimuli, because the 
rod and cone ranges only overlap in the middle of the spectrum. Visual 
purple, for instance, has a ncgligeable effect from 0.62 o further out 
towards the red. But even though the size of the spikes somewhat 
varies, it does not vary udth wave-length. True convergence of rods 
and cones towards the same ganglion cell is therefore the probable 
explanation of the experiment illustrated in fig. 1. 

True convergence is also the most probable explanation of the 
fact that in the cat as well as in all other animals with mixed 
eyes the absorption curve for visual purple sooner or later will 
determine the distribution of sensitivity of almost any discharge 
of spikes after some time in the dark. With the light-adapted 
cat this is a particularly serious source of error on accoxmt of the 
rapidity with which dark-adaptation often takes place, and steps 
have to be taken to counteract the influence of dark-adaptation. 
The presence of the broad dominator band of sensitivity in the 
cat’s eye in hght-adaptation (see fig. 3) makes checking of dark- 
adaptation more important than in the mammals hitherto studied 
though in principle the procedure is the one already used in 
several previous contributions to this problem. 


Procedure. 

A large spike was located. With the electrode inserted the animal 
was then left in the illumination from the microscope-lamp, placed 
above the eye (2,400 m.c.), for 10 min,, sometimes longer. It was then 
allowed to recover, and its eye was illuminated by brief flashes of light 
of different wave-lengths at intervals of 10 sec. in order to measure 
the energy necessary for the threshold in each wave-length. Recovery 
curves during dark-adaptation were plotted from these data in terms 
of energy reciprocals against time in the dark for a number of regularly 
recurring wave-lengths (cf. the eye of the rat, Granit, 1941 a). Between 
these curves stray observations on other wave-lengths were inserted 
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into the diagrams at their appropriate time moments. From these 
diagrams the distribution of sensitivity could be calculated. 

A characteristic of such diagrams, of which some have been published 
in the work on the rat’s eye (1941 a), is that sooner or later the sensi- 
tivity in the short wave-lengths, best represented by wave-length 
0.5 00 /f, which is at the top of the absorption curve for visual purple, 
begins to increase at a very much faster rate than the sensitivity to 
light of long wave-lengths. Different receptors register this change 
after different intervals in the dark. Generally there is a clear break 
in the curve, as shown already with the rat’s eye (Granit, 1941 a) 
and also with the frog’s eye (Granit, 1941 b), after which the rate 
of rise of sensitivity becomes particularly fast for wave-lengths 
around 0.5 00 The turning point in the cat’s eye often comes after 
about 10 — ^15 min, in the dark. Sometimes the break is less well marked, 
the rate of rise of sensitivity being fast from the beginning, sometimes 
the change in relative sensitivity to long and short wave-lengths is 
very much delayed. When this is so a relatively pure cone population 
may have been struck or else deficient circulation, caused by the 
decerebration, may have retarded the regeneration of visual purple 
(Zewi, 1939). 

If the experiments are to reproduce the true photopic distribution 
of sensitivity, the result must either be obtained within the first 10 
— 15 min. or else controls must have demonstrated that the experi- 
ment refers to a type of element with delayed dark-adaptation proper, 
defined as delayed rise of sensitivity for wave-length 0.5 oo [x. 

Applying these principles it is possible to obtain from each diagram 
a series of values illustrating the photopic distribution of sensitivity. 
This is the definition of the term series used in all this work. Sometimes 
the same spike could be kept under the electrode for repeated re- 
adaptation to light. This gave one or several new sets of values thereby 
increasing the accuracy with which a series could be determined. 
Behind a series can thus be a greater or smaller number of readings 
of which each series is a final average. Several series of similar distri- 
bution of sensitivity have generally been averaged in the presentation 
of the results. 


The Photopic and Scotopic Spectra. 

Lythgoe’s (1937) absorption curve for visual purple is drawn 
in fig. 2. The circles around it represent 31 averaged values, based 
on 102 readings from 4 series in 4 dark-adapted cats. The scotopic 
values are relatively too high in 0.540 — 0.580 [z. The maximum 
of this increase around 0.560 [z is perhaps due to influence from 
the photopic dominator, shown in fig. 3. But back reflexion 
from the tapetum lucidum provides another probable explanation 
of this hump in the scotopic curve. 
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The most striking fact about the light-adapted eye of the cat 
is that it possesses the broad photopic dominator band of.sensi- 
ti\dty with maximum around 0.660 n (fig. 3), previously seen 
in the eyes of frog (Granit, 1941 b), snake (Granit, 1942 c) 
and pigeon (Granit, 1942 b), 
but not in the rat (Granit, 

1941 a) and the guinea pig 
(Granit, 1942 a). These two 
are the only mammals hither- 
to studied. The cat is thus 
the first mammal with pho- 
topic vision well enough de- 
veloped to be represented by 
this very characteristic do- 
minator band. The finding is 
important since it demonstrates 
that the principles discovered 
for lower vertebrates also are 
valid for mammals. 
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Fig. 2. Lythooe’s (1937) absorption curve 
for visual purple. Circles from experi- 
ments on 4 scotopic cats (see text). 


The large circles of fig. 3 and the curve drawn between them 
refer to 4 particularly good series, good in the sense that the 
dominator was little if at all influenced by incipient dark-adapta- 
tion and that the values in the short wave-lengths were recorded 
at a very early stage of the recovery in the dark after light- 

adaptation. The black dots 
refer to 87 averages collected 
from 188 readings representing 
all the twelve series in which 
the dominator with maximum 
in 0.560 ft was reasonably free 
from influence from the absorp- 
tion curve for visual purple. 
A slight rise in the green is 
just noticeable. As there were 
33 photopic series the domin- 
ator has been present in 36 % 
of the photopic elements ana- 
lyzed. The great majority of them represented single spikes of 
the kind shown in fig. 1. 

There is a regularly recurring asymmetry in the dominator 
which in fig. 3 has been filled out by a broken line. Completed 
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Fig. 3. 


Photopic dominator of cat, as 
described in text. 
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in this manner the curve is identical vith the dominator found 
in the frog’s eye. What is the reason for the asymmetry? 

In order to answer this question we must first consider the 
organisation of colom reception as revealed by these experiments 
on different animals. Perfect colour reception seems to necessitate 
a dominator band for the perception of luminosity and a number 
of narrow modulator bands in different regions of the spectrum 
tc' modulate the impression of luminosity (white) to colour 
(Granit, 1941 c). One of the most regularly recurring modulators, 
seen in rats, frogs and snakes, has its maximum in 0.600 [i. The 
asymmetry in the dominator curve of fig. 3 could be due to im- 
successful isolation or deficient development of this modulator 
which therefore only would be capable of pushing up a hmnp 
in 0.600 {i. Up till now it has always been possible to isolate 
this modulator in those animals where it has been present. But 
the narrow "red” modulator has not been found in the isolated 
state in the cat’s eye. The hump in this region therefore suggests 
some defect in the development of the modulator. The dominator 
may also be somewhat modified by back reflexion from the 
tafelum leading to a relative increase of stimulus strength in the 
region of the spectrum that is reflected. 

K the ta'pelum be removed from the eye for examination it 
is found to reflect a dominantly yeUow-green light. To my eye 
pure yellow is in 0.580 Yellow-green would therefore correspond 
fairly weU to the maximum of the dominator in 0.560 [i which 
thus by back reflexion may have received an additional stimulus 
making it possible to diminish the energy used for the spectral 
stimulus in this region. This in turn would lead to an accentuated 
top of the dominator curve. The ta'pelum of the cat’s eye is a very 
efficient reflector, especially by comparison with the black pig- 
ment which in most eyes absorbs stray light of all wave-lengths. 
It is therefore reasonable to expect it to modify the curves in 
the region where it reflects maximally. The rise in the. scotopic 
curve of fig. 2 in the same repon suggests that in both cases 
the same factor is at work. Therefore a common explanation 
seems probable. 

Some of the experiments for which the early values after light- 
adaptation were plotted in fig. 3 were continued, despite incipient 
dark-adaptation, for some time afterwards in order to illustrate 
the expansion of the donainator towards the short wave-lengths. 
In fig. 4 the filled circles illustrate 63 averages from 7 series of 
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tHs type (119 readings). The curve is drawn between the values 
for 0. 520 ^ and 0.540 [i but the indication of a hump in 0.520 
is probably significant. The asymmetry to the right of 0.560 p, 
is still noticeable. 


So far we have only been concerned with 36 % of the photopic 


series, those possessing their 
maining 64 % light-adaptation 
did not succeed in pushing the 
maximum further to the right 
than to 0.520 p,': These curves 
have always had a secondary 
maximum in 0.560 p. As each. 
curves were obtained in the 
majority of our experiments the 
maximum for all 33 photopic 
series averaged together lies in 
0.520 p. The average phobopic 
curve obtained in this manner 


maximum in 0.560 p. In the re- 



.450 .500 .550 ftOO .650 ^ .700 

Pig. 4. Averages, as described in text. 


is shown in fig. 4 (line between open circles). In this curve 425 
readings from 13 cats have been collected into 200 averages 
which in their turn have been averaged for the values plotted 
(open circles). The result means that the dominators have been 
too few to effect a complete Purkinje shift but sufficiently many 
to create a relatively large secondary hump in 0.560 p and give 
the eye a considerable sensitivity to red light. 


As a matter of fact Piper (1905) failed to find a Purkinje shift with 
the electroretinogram as index but the reason for this may also have 
been that he did not realize what precautions have to be taken to 
ensure light-adaptation in an animal of this type. To the absence of 
a Purkinje shift in Piper’s experiments may also have contributed 
the fact that the electroretinogram to a stimulus spreading diffusely 
over the retina is an average from the whole retina including the 
periphery where cones may be scarce or absent. Pinally, in the author’s 
experience (Gbanit, 1935, Granit, Munstbbhjei.m and Zewi, 1939) 
really efficient light-adaptation in cats almost removes the b-wave 
or at any rate makes it so small that within the first 10 min, after light- 
adaptation quantitative wmrk with the electroretinogram as index 
is very difficult. 

With a method based on animal behaviour Mhbb (1932) succeeded in 
demonstrating ajler Ught-ada'ptation a shift of the luminosity curve of 
the order of 0.oi5 p towards the long wave-lengths but his results for 
the completely dark-adafted eye, when corrected for equal quantum 
intensity and compared with visual purple absorption, are difficult to 

15 — i2^i01l5. Acta phvs. Scandinav. Vol. 5. 
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understand without assuming experimental errors of some kind. It is 
an exceedingly narrow curve with maximum around 0.525 (i, and in 
0.4 80 /i at only about 30 % as compared with 88 % for visual purple: 
Mtjrr only knew the energy of his stimuli at the light source and relied 
upon it being similarly distributed after passage through the spectro- 
scope and reflexion from the grey paper covering the food which the 
animals had to locate. This fact must be responsible for considerable 
errors in the calculation of the energy of the spectral light reflected to 
the eye. 

The average photopic curve of fig. 4 contains the dominator 
and at least one additional sensitivity curve combined with it. 
It is possible to show that this second curve in the green cannot 
be an unmodified curve for visual purple absorption. This can be 
done by adding to the dominator the absorption curve for visual 
purple in different proportions and plotting on a. percentage 
basis the complex curves obtained. These do not show the sharp 
hump in 0.520 [i, seen in the average curve of fig. 4, though ac- 
tually, with certain proportions between dominator and visual 
purple, the maximum is located in 0.520 /t, 

T?rom the experiments mth rats and guinea pigs it is known 
that after light-adaptation a number of elements are foimd to be 
characterized by sensitivity curves which look like abnormally 
narrow curves for visual purple absorption. If similar elements 
are found in the cat’s retina in sufficient numbers they would 
combine with the dominator to give just the kind of curve shown 
in fig. 4. 

The curves of fig. 5, both referring to early values for single 
spikes in the light-adapted eye show that this explanation of the 

hump in 0,520 ^ probably, is 
correct. Influence of the do- 
minator is very marked in the 
curve drawn in broken lines, 
less marked in the curve drawn 
in full which is the narrowest 
one ever obtained in the ex- 
periments with the cat. Both 
show that a narrow band of 
modulator type can be super- 
imposed upon the dominator. 
The maximum of this mbdul- 

Fig. S. Two experiment on single spikes ^tor is between 0.500 and 0.530 
showing combination of harrow '^green” • -i t> i. 

curve with dominator.' See text. yW m these CUTVes. But COn- 
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sideriiig that on the right side of the maximum the dominator 
contributes to the total result, it is necessary to place the 
maximum of the modulator nearer to 0.500 (i. This means that 
it must be identical with the modulator seen previously in guinea 
pigs and rats and there described as an abnormally narrow 
absorption curve for visual purple. 

Tlius, in order to explain all our results with the light-adapted 
retina of the cat, it has only been necessary to supplement the 
demonstration of the e.xistcnce of a dominator and a green mo- 
dulator by the assumption that they combine so that the average 
photopic curve of fig. 4 is dominated by an abnormally narrow 
absorption curve for visual purple upon which is superimposed 
the dominator, slightly modified by back reflexion from the 
iapcluju luciduvK On account of the dominator the maximum 
of the average curve is shifted to 0.520 fx instead of being in 
0.500 (i where it is found in guinea pigs and rats which are lacking 
the dominator. 


Colour Reception. 

SciruLTZE (1866) stated that the cat's retina contains 2 or 3 
times more rods per cone than the human eye. Considering that 
in the eye of the guinea pig, which according to the same author 
is lacldng cones, the dominator band and all red-sensitive elements 
are absent, and that, further, the dominator, where it is found, 
Ls responsible for the Purkinj'e shift in light-adaptation, it is 
clear that the dominator must be located to the cones. The narrow 
“green” band with the maximum of visual purple absorption 
has been seen in the guinea pig (Granit, 19f2 a) and in the rat 
(Grakit, 1941 a). It must therefore be located to the rods and 
probably is due to a slight modification of the visual purple 
molecule. That this band can be used by different animals in 
the state of light-adaptation seems clear. But whether it actually 
serves as a modulator for green, in every respect comparable 
with the “red” modulator in 0.600 ^ and the “green” one in 
0.530 fx, is perhaps less certain. If it does, the cat may be able 
to discriminate colours in the green region of the spectrum, 
though this discriminative mechanism must be primitive. The 
lack of a definite "red” modulator suggests relatively incomplete 
discrimination also in the red. However the experiments have not 
definitely excluded red-sensitive modulators. The hump in 0.600 
fx suggests inadequate development of such elements. 
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The presence of the dominator in the animals, previously stu- 
died, has indicated good colour vision. By this criterion the cat’s 
retina is an improvement upon the retinae of guinea pigs and rats. 
If the modulators are few they may he difficult to discover, and, 
yet, the animal be able to discriminate colours with sufficiently 
strong stimuli. But no doubt even the presence of the dominator 
without modulators must be regarded as an advantage as through 
this band a large range of the spectrum becomes available in 
daylight at a level of intensity diminishing the usefulness of visual 
purple. 

Most mammals with cones have some Mnd of area centralis in 
which cones are present in larger quantities than elsewhere. The 
relative number of rods and cones in the area which the cat uses 
in day-light will determine whether the maximum Of its photopic 
luminosity curve is around 0.560 yw or aroimd 0.520 or occupies 
some place between these two points. Considered from the point 
of view of the human eye the cat would thus, if colour blind, 
either be a deuteranope or a proianope, both states being defined 
as red-green blindness, the former with the luminosity curve of 
normal subjects, the latter with the luminosity curve shifted 
towards the short wave-lengths. It is also possible that the cat, 
in case it possessed some red modulators, is better defined as 
merely being deuteranomalous or protanomalous. These states 
would be slightly modified by tapetum reflexion. 

Cats are generally regarded to be colour-blind fSTAGNER, 1931). 
So is the human periphery. But if strong lights are used the human 
periphery becomes colour-sensitive suggesting that it merely is 
a question of the relative number of modulators in different 
regions of the retina. Similarly the cat, with a very limited number 
of modulators, may be sensitive to colour if it is well light-adapted 
and very strong stimuli are used. In testing this properly atropine 
would have to be used to keep the pupil well opened as otherwise 
the contraction of it to a small slit may prevent both light-adapta- 
tion and sufficiently strong stimulation. 

Summary. 

The micro-electrode technique has been used for the recording 
of spikes of activity from the retina of the cat in order to study 
the distribution of sensitivity to spectral light of the retina! 
elements. 
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In dark-adapted cats tke distribution of sensitivity corresponds 
to tbe absorption curve for visual purple. 

In light-adapted cats some elements give the broad so-called 
photopic dominator band vdth maximum in 0.5 GO ii, others a 
narrow curve vdth maximum in 0.520 p, combined with the 
dominator in different ratios. 

The narrow curve is probably identical with the band seen in 
the eyes of rats and guinea pigs corresponding to an abnormally 
narrow absorption curve for visual purple, in the cat shifted 
somewhat to the right because of the added effect of the domi- 
nator. 

Some results indicate that back reflexion from the iapelum 
lucidum plays a role in determining the shape of the curves in 
the yellow-green region of the spectrum. 

The colour vision of the cat has been discussed in the light 
of the results arrived at. 

The author is indebted to the Rockefeller Foundation for a 
grant to this laboratory. 
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sucht. Sie fanden nacli einer Dosis von 20 mg. per os eine massige 
Steigerung des Sauerstoffverbrauchs (etwa 10 %), eine Herab- 
setzung der arfceriovenosen Sauerstoffdifferenz und eine Steigerung 
des Minutenvolumens. Der systolische Blutdruck wurde etwa 
25% erboht, der diastoliscbe nur v'enig. 

Pervitin, das sicb vom Benzedrin durcb eine Metbyigruppe an 
der Aminogruppe unterscbeidet, soil nach Hauschild (1938) 
noch starker erregend auf das zentrale Nervensystem wirken. 
Es ist aber auch kreislaufwirksam, Im Tierversucb fand Hau- 
SCHILD eine Blutdrucksteigerung, die mindestens ebenso stark war 
wie die des Epbedrins, jedocb von langerer Dauer, Beim Menschen 
hat man nach Dosen von 9 — 15 mg. per os eine mehrere Stunden 
anhaltende Blutdrucksteigerung gefunden (Schoen 1938, Pullen 
1939, Seifert 1939). Seifert fand nach 15 mg. auch eine Stei- 
gerung der Ventilation von 8.6 bis zu 12.9 I/min. bzw. von 5.6 
bis zu 12.9 1/min., und eine Steigerung des respiratorischen Quo- 
tienten bis iiber 1, die mehrere Stunden anhielt. Diese Wirkung 
ist nicht von anderer Seite bestatigt vrorden. Lehmann, Straub 
und SzAKALL (1939) beobachteten in Puheversuchen keine An- 
derung des Stoffwechsels, der Atmung und des Kreislaufs. Im 
Arbeitsversuch fanden sie eine geringe Neigung zur Hyperventi- 
lation. In einer Reihe von Versuchen bestimmten sie auch ent- 
sprechend dem Vorgehen von Knipping Schlag- und Minuten- 
volumen des Herzens, sahen aber keinerlei Einfluss von Pervitin. 
Im iibrigen scheint es keine Untersuchungen iiber den Einfluss 
des Pervitins auf das Herzminutenvolumen zu geben. 


Eigene Untersuchungen. 

Metbodisches. 

Als Versuchspersonen dienten 7 gesunde Studenten im Alter von 
18 — 27 Jahren. Es wiirden 11 Versuche ausgefiihrt. Per\'itin vurde in 
intramuskularer Injektion in einer Dosis von 0.21 mg. pr Kg. Korper- 
gewicht gegeben, entsprechend 15 mg. bei 70 Kg. Um einheithchere 
Versuchsbedingungen zu bekommen, vurde die parenterale Applikation 
gewahlt. Die Versuche wurden unter Standardbedingungen ausgefiihrt. 
Zuerst -wurden zwei Normalbestinummgen gemacht (in den Tabellen 
mit I und II bezeichnet). Dann wurde Pervitin injiziert und nach 
20 — 30 hlin., 50 — 60 JCn. und 80 — 90 Min. neue Bestimmungen aus- 
gefiihrt (III, IV und V). Bei jeder Bestimmung wurde erst der Radialis- 
puls gezahlt und der Blutdruck mittels Methylenjodidmanometer nach 
rjlLJESTBAND und Zandee (1928) festgestellt. Ventilation, Sauerstoff- 
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verbrauch nnd respiratoriscber Quotient wurden durcb Sammluhg 
der Expirationsluft in einem grossen Spirometer nnd nacMolgender 
Gasanalyse ermittelt. Schliesslich wurde die arteriovenose Sanerstoff- 
differenz nacb Gkollsiaxs (1932) Acetylenraetode bestimmt. 

Experiraentelles. 

Die psychiscb. erregende, euphorisierende Wirkung, 'wie sie von 
zahlreicben anderen Autoren gescbildert ist, setzte etwa 10 — 15 
Min. nacli der Injektion ein nnd war am Ende des Versuches 
nnvermindert. Bei der Versuchsperson M. B. war 15 — 15 iVIin. 
nach der Inj. eine starke psychische Unruhe mit Angst imd De- 
pression vorbanden, anf die dann der gewobnlicbe psychische 
Effekt folgte. 

In der Tabelle 1 werden einige urspriingliche Versuchsergebnisse 
angegeben, in Tab, 2 die Mi^lwerte, nnd die Differenzen fur 
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253.5 

53.7 

4.88 

8.021 

0.808 

253.8 

54.3 

4.81 

8.179 

0.833 


samtliche imtersucliten Funktionen. Die beiden Normalbesfcim- 
mungen zeigen keinen statistischen Unterscbied (9 Versuche), 
mit Ausnahme vom Saxierstoffverbrauch, wo man eine kleine 
statistisch wahrscbeinliche Zunahme von I bis II findet, 6.3 ml -}- 
+ 3.03 (2.7 %), die man wohl iibersehen kann. 

Bei der Beurteilung des Effekts Avnrde in jedem Versucbe die 
Differenz zwischen den Werten nacb der Injektion imd dem 
Mittelwerte der beiden Normalbestimmungen, sowie der Mittel- 
fehler dieser Differenzen, berechnet. Anf diese Weise benutzt 
man den Umstand, dass die Normalbestimmimgen und die Be- 
stimmungen nach der Injektion bei denselben Personen und bei 
der gleichen Gelegenheit ausgefiihrt wurden. 

In der Literatur gibt es, wie bereits oben gesagt, verschiedene 
Ansichten iiber die Einwirkung auf die Ventilation ^d den respi- 
ratorischen Quotienten, Wie aus der Tab. 1 hervorgeht, reagierten 
zwei der Versuchspersonen, G. J. und N. S., mit einer bedeutenden 
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1 und P/s Stunde war die Steigerung nur noch etwa 20 %. Die 
iinderungen siiid statistisch sichergestellt. Das Schlagvolumen 
wurde nach Stunde mit 26 % erholit, nach 1 Stunde mit 11 %, 
das letzte nur statistisch wahrscheinlich. 

Die Ventilation zeigte nach Stunde eine statistisch wahr- 
scheinliche Steigerung von 44 %, offenbar wegen der hohen 
AVerte von G. J. und N. S. A¥enn man von diesen absieht, erhalt 
man hei den restlichen 6 Versuchen eine praktisch sichergestellte 
Zunahme von 0.952 1/Min. i 0.3191, was 13 % der Normalwerte 
entspricht. Der respiratorische Quotient zeigte eine statistisch 
wahrscheinliche Zunahme von 17 % nach Va Stunde. Wenn man 
von G. J. und N. S. absieht, findet man keine nachweisbare 
Zunahme, + 0.023 ^ 0.0241. Auch im iibrigen veranderte sich 
nicht der Quotient. Im Durchschnitt scheint also Pervitin keine 
Einwirkung auf die A^'entilation zu haben ausser einer moglichen 
leichten Steigerung, die etwa dem erhohten Sauerstoffverbrauch 
entspricht. AVie man sieht, konnen doch einzelne Individuen mit 
einer kraftigen Steigerung der A^entilation reagieren. 

Die Blutdruckszunahme w'ar am starksten nach 1 Stunde, 
etwa 20 %, dann sank sie. Der systolische, diastolische und 
Mittelblutdruck nahmen ungefahr im gleichen Masse zu. Die 
Steigerungen sind statistisch sichergestellt. Die Pulsfrequenz 
wmrde massig erholit und war nach Pfz Stunde noch im Steigeu, 
im Gegensatz zu samtlichen anderen Funktionen. 

Zusammenfassung. 

In 11 Versuchen an 7 gesunden A+rsuchspersonen w’urde die 
AA'irkung von Pervitin auf Kreislauf und Atmung untersucht. 
Pervitin ivurde in intramuskularer Injektion in einer Dosis von 
15 mg. per 70 kg. Korpergewicht gegeben. Das Herzminuten- 
volumen wurde mittels der Acetylenmethode von Grollman 
bestimmt. 

Eine halbe Stunde nach der Injektion wurde eine Steigerung 
des Herzminutenvolumens von 39 % des Normalwertes festge- 
stellt, die nach 1 und Vjs Stunde immer noch etwa 20 % ausmachte. 
Der Sauerstoffverbrauch stieg massig. Die Ventilation und der 
respiratorische Quotient wmrden in den meisten Fallen nicht 
beeinflusst, aber zwei der Versuchspersonen reagierten mit einer 
kraftigen Hyperventilation und einer Steigerung des Quotienten 
bis iiber 1. 
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The rate of formation of nucleic acid of the thymus nucleic 
acid type was investigated in the organs of the rat by adminis- 
tering labelled phosphate to rats and by determining the labelled 
P content of the desoxyribose nucleic acid extracted from the 
organs after the lapse of some days. The percentage of labelled 
nucleic acid present indicates the percentage of the total nucleic 
acid of the organs which is built up in the course of the exper- 
iment, as described in this note. 

Preliminary figures on the rate of formation of nucleic acid 
in some of the organs of the rabbit were communicated at an 
earlier date (Hahn and Hevesy 1940). Data are furthermore 
available on the rate of formation of labelled “nucleoprotein” 
in some organs of the mouse (Tuttle, Ere and Lawrence 1941). 
In our previous work, we extracted the nucleic acid with sodium 
chloride solution. Tuttle and his colleagues removed the acid 
soluble and the phosphatide P fractions from the organs inves- 
tigated and considered the residual P to be phosphorus of the 
"nucleoprotein” fraction. Extended studies carried out in this 
laboratory lead to the result that it is hardly possible to obtain 
nucleoprotein sufficiently purified from non-nucleoprotein phos- 
phorus by the last mentioned procedure. Muscles and other or- 
gans of the frog containing labelled P were treated for weeks 
daily alternately with trichloroacetic acid solution and with ether 
alcohol mixtures. The specific activity of the remaining "nucleo- 
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protein” P was determined subsequently. It was found mucb 
Mgber than tbe specific activity (activity per mg P) of pbos- 
pborus obtained from properly purified nucleic acid. As shown 
in this note, the rate of formation of nucleic acid in most organs 
is very slow and, correspondingly, the specific activity of the 
nucleic acid P few hours and even some days after the admin- 
istration of labelled P is very low also. 

After the lapse of 2 hours, 1 mg nucleic acid P of the liver of 
the rat, for example, contains but 2 • 10"^ per cent of the labelled 
phosphorus administered, while the corresponding figure for 1 
mg acid soluble P of the liver is about 1 per cent. If only 10"® 
part of the isolated nucleic acid P is composed of acid soluble 
P present as an impurity, a grossly erroneous value will be found 
for the specific activity of the nucleic acid P, viz. 12 '10"^ in- 
stead of 2 ' 10"^. This example illustrates the necessity of an ex- 
ceedingly careful purification of the nucleic acid fraction from 
all non-nucleic acid phosphorus. In our work, we are not faced 
with the great difficulties which were surmounted by HAmmab- 
STEN in his experiments which lead to the preparation of 
nondepolymerized nucleic acid. On the other hand, we have 
to avoid the presence of even minimal amoimts of non-nucleo- 
protein P, the presence of which in any other but the radioactive 
investigations would certainly not be found disturbing. 

Experimental Procedure. 

We applied the method of extraction and purification described by 
Klein and Beck (1935) adapted to work with tissue containing radio- 
active phosphorus, as previously used by H. von Euler and one of 
the present writers (1912) in their work on the rate of formation of 
nucleic acid in the Jensen sarcoma of the rat. The washed tissue is 
stirred with an equal weight of 5 per cent sodium chloride solution 
brought to boiling. Acetic acid is added until the major part of the 
proteins present is precipitated. Sodium acetate and sodium hydroxide 
are then added and the alkaline solution is heated until the tissue is 
dissolved. 

The next operation is carried out in a slightly acid solution. Thri 
is obtained by adding acetic acid. Erom this solution, the protein 
present is removed by adding a dialysed colloidal iron hydroxide so- 
lution containing 5 per cent F 2 O 3 . An excess of acetic acid is added 
and the hot solution is filtered. By adding an equal volume of methyl- 
alcohol to the filtrate, the crude nucleic acid precipitates. 

The crude nucleic acid is dissolved in sodium hydroxide and is pre- 
cipitated with hydrochloric acid and methylalcohol. Before reprecip- 
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itating tlie nucleic acid, we added about 10 mg (NHi)2HP04 for each 
mg nucleic acid. By doing so, we dilute tbe free radioactive phosphate 
possibly present in the nucleic acid. If the crude nucleic acid carried 
before and after the precipitation 1 mg free phosphate, the free phos- 
phate will be but 1/100 as active after precipitation as previously. 
This procedure is repeated several times, and each time inactive 
(NH4)2lIP04 is added to the alkaline solution. 

The purification process entails a substantial loss of nucleic acid. 
However, it is not the total desoxyribose nucleic acid content of the 
organs in which we are interested, but the percentage of the desoxyri- 
bose nucleic acid content which is built up during the experiment, i.e. 
the rate of renewal of the nucleic acid molecules. We are interested 
in the activity of 1 mg nucleic acid P and not in the activity of the 
total nucleic acid present in the organs. 

The purified nucleic acid is brought into solution by wet ashing, 
^/s is reserved for colorimetric P determination, while Vs precip- 
itated as ammonium magnesium phosphate; the activity of the pre- 
cipitate is determined. The interpretation of the activity figures ob- 
tained is much facilitated if the precipitates, the activities of which 
are to be compared, have the same weight. To obtain this, a suitable 
amount (about 80 mg) of NajHPOi is added to the solution before 
precipitating the ammonium magnesium compound. 

An aliquot of the solution administered by subcutaneous injection is 
treated in the same way. If this “standard preparation” has, for ex- 
ample, 1/1000 of the activity administered and the nucleic acid frac- 
tion containing 1 mg P has 1/100 of the activity of the standard pre- 
paration, we find O.ooi per cent of the labelled P administered to be 
present in 1 mg nucleic acid P. 

The weight of the male adult albino rats used varied between 250 
and 320 g. They were kept on a normal diet. The labelled phosphate 
administered by subcutaneous injection had an activity corresponding 
to 3 ^ Curie. 


Control of the Effectivity of the Purification Process. 

To a crude nucleic acid fraction containing 200 mg nucleic acid 
we added 75,000 relative units of radioactive phosphorus (®®P). Each 
time, decreasing amounts of inactive ammonium phosphate were 
added to the fUtrate containing the nucleic acid. The amount of 
(NH4)2HP04 added varied between 100 and 30 mg. After successive 
purifications, the following activity figures were obtained for the 
nucleic acid. 

Number of Activity of 

purifications fractions 

0 75,000 

1 
2 
3 


34 

9 
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The nucleic acid purified 3 times thus contained but 1/8000 part of 
the labelled phosphate added. 

The successive purification of nucleic acid P from other than free P 
can be controlled in the foliovdng way. The specific activity of an ali- 
quot of the nucleic acid P of the purified sample is determined. Another 
aliquot of the sample is dissolved subsequently and is reprecipitated 
as described on p. 002, but, without adding phosphate. The specific 
activity of the P of the precipitate obtained is then again determined.. 
If no other phosphorus than nucleic acid P is present in the sample 
the specific activities determined should be identical. When control- 
ling the purity of nucleic acid extracted from the liver and purified 
twice in the manner described above a further purification reduced 
the specific activity of the phosphorus obtained from the nucleic acid 
by 5.5 per cent. 

Furthermore, we investigated whether the nucleic acid ob- 
tained is exclusively of desoxyribose type or contains also some 
nucleic acid of the ribose nucleic acid type. 

To 7.6 mg active thymus nucleic acid dissolved in 1.0 cc 1/10 
N. NaOH about 60 mg yeast nucleic acid, dissolved in 2 cc 1/10. 
N. NaOH were added. After precipitating but once, the nucleic 
acid, as described on p. 238, we redertermined the specific activ- 
ity of the nucleic acid P. This was found to be 76 per cent of 
the specific activity of the value measured at the start of the 
experiment. A single precipitation sufficed thus to remove 96 
per cent of the yeast nucleic acid added. 

Specific ActiTity of the free P of Different Organs. 

The fact that greatly divergent figures are obtained for the 
specific activity of the nucleic acid fractions is due mainly to 
the highly different rate at which nucleic acid is formed in the 
different organs. It is, however, also partly due to the different 
rate at which the labelled phosphate penetrates into the cells 
in which the nucleic acid molecules are built up. To calculate 
the rate of formation of nucleic acid, it is thus necessary to 
know the specific activity of the "ffee^^ phosphate present in 
the tissue cells. It does not suffice to know the specific activity 
of the ffee P at the end of the experiment. We have to determine 
this magnitude at different times in order to, arrive at a value of 
the average specific activity of the free P during the experiment. 
The results obtained are seen in Table 1 which contains data on 
the specific activity of the “free” P extracted from the organs. 
They are obtained on rats killed at different times. In the case 
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of the muscles, the free P was extracted from tissue samples taken 
from the narcotized rat. The tissue was placed iD liquid air and 
extracted at once by grinding with 10 per cent trichloroacetic acid 
This precaution has to be taken in order to avoid the decomposi- 
tion of creatine phosphoric acid present in large amounts in the 
muscle. While, in experiments of long duration, as discussed below, 
the specific activity of the creatine phosphoric acid P does not 
differ from the specific activity of the free P, in experiments of 
shorter duration, however, large differences were found, and in 
these experinients a decomposition of creatine phosphoric acid 
prior to the removal of the free P would result in a lowering 
of the specific activity of the free P. 

The specific activity of the creatine phosphoric acid was de- 
termined in the following way. After the removal of the free P as 
ammonium magnesium salt the filtrate was slightly acidified 
and heated for a very short time. The free P obtained by the 
decomposition of creatine phosphoric acid was then again pre- 
cipitated as ammonium magnesium salt. W^hile, after the lapse 
of one day or more, the specific activity of the creatine phos- 
phoric acid phosphorus was found to be just as high as the spe- 
cific acti\dty of the “free” P present in the muscle tissue, after 
the lapse of 2 hours the ratio of the specific activities was found 
to be only 0.6. 

Table 1. 

Specific activity of the free phosphate extracted from the organs} 


Organ 

Duration of the experiment in 

hours 

Average value 
of the specific 
activity 
during the 
experiment 

2 

5 

8.5 

J3 

25 

50 

72 

94 

Plasma . . . 

0.9: 


0.214 

0.286 

■ 

0.114 

0.099 


0.18 

Liver .... 

1.61 

IilECT 

0.42 

0.59 


liMfl 

■iKin 



Kidney . . . 



0.43 

0.57 


rotra 




Spleen . . . 
Mucosa of the 
small intest- 

n 


0.31 

0.43 

B 

B 

B 


0,21 

ine .... 










Muscle . . . 







QRgB 



Testes . . . 

fnRI 


lilnKi!! 

BinB 

liifiiSS 

liInFf] 

fnriW 



Brain .... 

p 

o 

a*. 

0.052 

O 

O 

0.083 

p 

o 

0.057 

0.053 

o 

O 

0.054 ) 


^ Specific activity usually denotes the activity of 1 mg P in arbitrary units 
(often, the specific activity of the plasma P is taken = 100). The above specific 
activities denote the percentage of the administered present in 1 mg P. 

16 — 424075. Acta pliys. Scandinav. Yol. 5. 
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Specific Activity of the Nucleic Acid extracted from 
Different Organs. 

The results of the determination of the. specific activity of the 
nucleic acid phosphorus extracted from the different organs is 
seen in Table 2. I and II denote the values obtained in the first 
and second experiments, respectively. In each experiment the 
organs of 8 rats -were pooled. The values shown in the last column 
indicate the percentage ratio of the specific activity of the nuc- 
leic acid P and the specific activity of the “free” phosphate P 
of the different organs. 

Table 2. 


Specific activity^ of ihe nucleic acid phosphorus extracted from 
different organs of 8 rats h days after the administration 
of labelled phosphate X 1000. 


Organ 

Specific activity x 1000 

Percentage ratio of the 
specific activity of nncleic 
acid P and free P 
(Percentage renewal)* 

I. 

II. 

Small intestinal mucosa 

12.7 

15,4 

59 

Spleen 

5.93 

6.24 

23 

Sluscle ........ 

1.05 

1.42 

8.8 

Liver 

1.01 

1.66 

4.2 

Testes 

0.83 

0.97 

10 

ICidnev 

0.60 

0.67 

2.1 

Brain 

0.09 

0.22 

2.3 


When calculating the figures of the last column, we have not 
taken the figures of the specific activity of the free phosphate P as 
stated in Table 1, but corrected these for the presence of labelled 
P in the extracellular space of the organs. The extracellular P is 
not utilized to build up nucleic acid, and we have to consider the 
ratio of the specific activity of the nucleic acid P and the specific 
activity of the cellular free P. The figures for the size of the extra- 
cellular space of the organs were taken from a paper by Maneey 
and Hastings (1939) and it was assumed that the labelled phos- 
phate concentration of the extracellular fluid is identical with 
the labelled phosphate concentration of the plasma water. The 
correction for the presence of labelled phosphate in the extra- 
cellular space was largest for the testes, but even in this case 

1 Percentage of the administered present in 1 mg P. 

= When calculating the above ratio we must take into account that the nucleic 
acid has been extracted from the organs of 8 rats. 
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only 12 per cent of the value stated in Table 1. We did not cor- 
rect the specific activity found for the free P of the brain in ^dew 
of the uncertainty prevailing as to size and composition of the 
extracellular fluid of the brain. Therefore, it is possible that the 
rate cf renewal of the brain nucleic acid is not slightly larger, 



but smaller than the corresponding value found for the kidneys 
(cf. Table 2). 

The percentage ratio of the specific activity of nucleic acid 
P and free P (the percentage renewal of the nuclei acid) in 
different organs is seen in Table 2 and Pig. 1. The highest 
percentage of new nucleic acid is foimd in the small intestine, 
while the lowest figure is shown by the brain. Eemarkably low 
figures are found for the liver. In the course of 1 hour, a very 
large part of the acidsoluble P compounds and a few per cent 
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of the phosphatides present in the liver are renewed. Compared 
with these figures, the rate of renewal of nucleic acid in the liver 
is negligible. 

The percentage ratio of the specific activity of the nucleic 
acid P and the free P indicates the percentage of new nucleic 
acid present, i. e. nucleic acid formed in the course of the exper- 
iment. We cannot state with certainty whether this new nacleic 
acid is formed in the organ in which it is found or transported 
from another organ in which it was built up. It would, be con- 
ceivable that the nucleic acid molecules built up in the intestinal 
mucosa, for example, where we find by far the greatest rate of 
renewal of nucleic acid, reach the circulation and are deposited 
in the muscles. Information on this point can be obtained on 
the same line or on similar lines on which the origin of the jgbos- 
phatides present in the yolk was investigated (Hevesy and Hahn 
1938). The nucleoproteins are probably built up in the nuclei 
of the cells and not carried from organ to organ. The low new 
(labelled) nucleic acid content of the liver can be interpreted as 
an argument against the last mentioned interpretation. The 
liver takes up easily constituents present in the circulation and, 
if any organ takes up from the circulation nucleoproteins and 
thus nucleic acids, we would expect the liver to do so. The active 
nucleic acid content of the liver nucleic acid is, however, very 
low and this fact supports the view that the active nucleic acid 
molecules present in the liver are synthesized in this organ. The 
rate of renewal of the nucleic acid molecules in the liver may be 
identical with the rate of new formation of liver cells.i 

The figures for the rate of renewal of nucleic acid in the organs 
of the rat found in this investigation are very much lower than 
those found for the renewal of nucleic acid or of "nucleoproteins” 
fay different experimenters both in the organs of the rabbit and 
in the organs of the mouse. In the liver of the rabbit (Hahn and 
Hevesy 1940), for example, 6 per cent of the nucleic acid present 
were found to be renewed in the course of 11.5 hours. In the 
liver of the mouse (Tuttle, Erf and Laavrence 1941), in the 
course of 6 hours, about 40 per cent of the “nucleoproteins” 
present were found to be labelled. In these experiments, the 
nucleic acid P and the “nucleoprotein P”, respectively, con- 

^ The rate at wWch liver cells are renc-wed is hot kaovm. WMle this rate 
may be smaller than the rate of renewal of, nucleic acid in the liver cells, it 
can hardly be larger- 
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tained presumably some strongly active acid-soluble or phos- 
phatide phosphorus, the presence of which was presumably re- 
sponsible for the high values obtained for the rate of renewal of 
the nucleic acid and the "nucleoproteins’^. 


Amount of Nucleic Acid formed daily in the Different 

Organs of the Rat. 

If we assume that the labelled desoxyribose nucleic acid found 
in an organ is synthesized in the organ in question, we can esti- 
mate from the data of Table 2 and the desoxyribose nucleic acid 
content of the organs the total amount of desoxyribose nucleic 
acid which is built up daily in the different organs. The desoxy- 
ribose nucleic acid of the organs of the rat is unlcnown. How- 
ever, data are available on the total nucleie acid content of the 
organs of the rat. These data are given in Table 3. With the ex- 

Tnl)lo 8. 

TJjiper limit of the desoxpribose nucleic acid content 
of different organs of the rat. 

Desoxyribose nucleic 


Organ acid content 

(mg per gm) 

Muscle 1.4 

Heart 1.4 

Drain 2.5 

Kidney 3.3 

Teste-s' 5.7 

Mucosa of the small intestine 5.1 

Liver 6.5 

Spleen 10 

Thymus* 30 


ception of the figure stated for the nucleic acid content of the 
intestinal muscosa, they are taken from a paper by Javillier et 
alia (1928). These workers state the nucleic acid P content of the 
tissue investigated; we multiplied their figures with 12 to arrive 
at the nucleic acid content. As no data were available for the 
nucleic acid content of the mucosa of the intestine, we determin- 
ed the desoxyribose nucleic content of the mucosa small intes- 
tine by using Dischb's method (1930) in a slightly modified 

* Horse testes. (Javillier and Allniro 1926.) 

- Horse thymus. For calf thymus, 36 was found. (Javillier and Allaire 1926.) 
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form, as applied by Vowles (1940). TMs method is based on the 
fact that, when heating a solution of desoxyribose nucleic acid 
in the presence of diphenylamin, acetic acid and sulphuric acid, 
a violet colouring is obtained, the intensity of the colour being 
proportional to the concentration of the nucleic acid. As standard 
preparation we used a thymus nucleic acid preparation kindly 
presented us by Professor Hammaesten. As the reaction used 
is not strictly specific for desoxyribose, the figure obtained has 
also to be considered an upper limit of the oxyribose nucleic acid 
content of the intestinal mucosa. 

If the bulk of the proteins present were not previously precip- 
itated, the colorimetric determination gave a higher value 
(6.9 mg). The same observation was made by Vowles (1940). 

The upper limit of the amount of desoxyribose nucleic acid 
built up daily in the different organs of the rat is given in Table 4. 

Table 4. 


Upper limit of the amount of desoxyribose nucleic acid built up daily 
in the different organs of rats weighing on the average 275 gm. 


Organ 

Weight 
in gm 

Nucleic acid 
present in 
the organ 
in mg 

Upper limit of desoxyribose 
nucleic acid built up in 
the course of a day in mg 

Brain 

1.43—1.53 

3.7 

0.02 

Biidney 

1.72— 1.V6 

5.8 

0.03 . 

Testes 

1.93—2.57 

12.8 

0.34 

Spleen 

0.86—0.81 

8.3 

0.48 

Liver 

9.24—9.06 

57.5 

0.61 

Mncosa of the small 
intestine 

4 

a i 

3.0 

Mnscle 

111—109 

154 

,3.4 


As abeady mentioned previously, when calculating the above 
figures we assume that the nucleic acid found in an organ is built 
up in the organ. This assumption may not hold strictly, as the 
blood contains some nucleic acid which may have been carried 
from the organs into the circulation. However, this amount is 
but small, ^suming the rat blood to contain the same nucleic 
acid concentration as human blood which, according to Javil- 
T-TRu and Allaibe (1931) amounts to 0.3 mg per gm blood, the 
total amount of desoxyribose ribose nudeic acid present m 
the circulation of a rat weighing 275 gm amounts to about 6 mg, 
thus about 1/50 of the total nucleic acid content of the rat. 
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Summary. 

Labelled phosphate is administered to adult rats by subcu- 
taneous injection. After the lapse of 4 days, the rats are hilled 
and the desoxyribose nucleic acid present in different organs is 
extracted. By comparing the activity of 1 mg desoxyribose nuc- 
leic acid P vith the actimty of 1 mg cellular inorganic P of the 
same organ, data on the percentage renewal of the desoxyribose 
nucleic acid present in the organs are obtained. 

In the course of 4 days, only a minor part of the desoxyribose 
nucleic acid present in all the organs investigated is found to be 
labelled, i. c. renewed. The greatest daily renewal of nucleic acid 
(15 per cent) takes place in the mucosa of the small intestine. 
This is followed by the spleen (5.8 per cent), the testes (2.6 
per cent), the muscles (1.9 per cent), and the liver (1.0 per 
cent). The lowest figures are shown by the kidneys and the brain 
(0.6 per cent). 

The authors wish to express their sincere thanks to Professor 
Niels Bohr for numerous facilities kindly put at their disposal. 
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The literature contains very little data on the effect of dimethyl 
suKide, dimethyl disulfide and methyl mercaptan on the living 
organism. A description of our experiments on the effect and 
toxocity of these substances should therefore be of interest. , 

Dimethyl sulfide is said to paralyze the sensibility (CuRcr, 1895). 
About dimethyl disulfide no statements have been found in the 
literature, but the alkyl disulfides are said to be less toxic than the 
monosulfides (FLimY and Zebnik, 1931). Methyl mercaptan is 
said to be considerably less toxic than hydrogen sulfide (Rekow- 
SKI, 1893). The minimal lethal dose for rabbits is 169 mg of its 
calcium salt per kilogram of body weight, according to Rekowski, 
which, is equivalent to 120 mg of CH3SH. The minimal lethal dose 
for hydrogen sulfide seems to be of the same magnitude, however 
(SIaxofe and co-workers, 1937, Keeseb, 1930). The symptoms 
of methyl mercaptan intoxication are first stimulation of the 
respiration, and then paralysis. 

The corresponding ethyl compounds are also httle known. 
Thus 1 % diethyl sulfide in ether killed a dog twelve hours after 
the narcosis in one case. Hemorrhagic gastro-enteritis and hyper- 
emia of the limgs was noted on autopsy (Botibne, 1926). Diethyl 
disulfide causes headache (Lewin, 1929), and animals can endure 
a concentration of 0. 1 mg per liter for half an hour without any 
symptoms (Rldry and Zebnik). Ethyl mercaptan is less toxic 
than diethyl sidfide (Boubne). It has a moderately irritating 
(and vesicant) effect on the skin {Oettel, 1936). 
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Experimcntnl. 


■\Yliitf fenialc rats, weighing 90—130 g, and starved 24 liours before 
the experiments, were u.'^cd. In each exiiorimenfc one rat was placed 
in a gas chamber of 7.G liters volume (see fig. 1). After the ob.serva- 



tion window had been hermetically clo.scd, the .sub.stance to be tested 
was introduced from a calibrated gas burette or from a weighing bottle, 
the stopper of wliich could be unfastened from the outside. The time 
of tlie experiments was limited to .30 — .3.3 ininutes. If tlie maximum 
carbon dioxide production is GO nig per minute and kilogram of body 
weight (Donaldson 1921), then the CO; content in the chamber could 
reach l.s % by volume at the margin, which would hardly affect the 
rcsult.s. During all the experiments a temjierature of 22 — 25° was used. 

The animaks were ob.scrvcd during the whole treatment, and the 
sun'iving ones for 24 liours, after which they were killed by having 
their ncck.s cut. The autop.sy was complemented in some cases by 
hhtohtjiai] examination of the lung.s after fi.xation in 10 % neutral 
formaldehyde. 

Chemical analy.sos: the concentration of the toxic agent was deter- 
mined in samples taken with a special gas pipette (sec fig. 1). This 
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pipette consists of a 300 ml. separation funnel, A, witli a two way 
stopcock, a. The funnel is connected to another two way stopcock, 
6, and a smaller separation funnel, B, by a standard ground glass joint. 
The funnel A is graduated and the connections made as seen in the 
figure. At the start the pipette is filled with pure mercury. By letting 
out a suitable amount of mercury from the pipette into the chamber 
(bowl C), a corresponding amount of gas is driven over into the pipette. 
Stopcock b is then closed, and stopcock a is turned 180 degrees. By 
lowering the bulb the mercury is then drawn down to just below the 
stopcock a and this stopcock closed. By opening stopcock b the reaction 
mixture is sucked in from funnel B. The gas pipette is detached from 
the chamber and from the rubber tubing to the leveliug bulb, and 
replaced by a new one. When the reaction is completed, the titration 
is made directly in the gas pipette A. Bor lubrication pure vaseline was 
used. 

Mercaptan (and hydrogen sulfide) was determined iodometrically 
after absorption in sodium hydroxide, according to the reaction scheme: 
2C5H3SH + Jj = (€^3)282 + 2HJ). The iodine was produced from 
KJO3, KJ and HjSOi, and the excess iodine titrated with thiosulfate. 

Dimethyl disulfide was determined according to the principle used 
by Haetkeb and Schleiss (1936) for the estimation of glutathione. 
To test this method a solution of dimethyl disulfide in carbon tetra- 
chloride was used, with a corresponding amoimt of carbon tetrachloride 
in the blank determination. It was found necessary to leave the samples 
for i — 8 hours in order to get complete transformation of the disulfide. 
According to the reaction scheme (CH3)2S2 + lOBr -f 6H2O = 2CH3* 

• SO3H -f lOHBr, 1 mg of dimethyl disulfide should correspond to 
1.06 ml of O.loo normal KBrOa. Values between 0.96 and l.os ml were 
found, with a mean value of l.oo ml,^ as seen from table 1. 

In the experiments with dimethyl sulfide no chemical analyses 
were made. 


Results. 

1. Dimethyl sulfide. The experiments show that dimethyl 
sulfide irritates the mucous membra-nes (secretion from the eyes 
and nose, difficulty in keeping the eyes open), and that it paralyzes 
the voluntary muscles and finally also the respiratory muscles. 
About 5 % by volume of dimethyl sulfide are necessary to Idli a 
rat in 15 minutes. The results are summed up in table 2. 

2. Dimethyl disulfide. The toxicity of this compound seems to 
be much greater than that of the monosulfide. The symptoms are 
similar, with signs of local irritation and a general effect resulting 

* The discrepancy between the found and the calculated Talues for the KBrO,- 
equivalent might be due to impurity of the dimethyl disulfide preparation used, 
but this possibility was not investigated, as the slight difference seemed to be of 
little importance to the evaluation of the results. 
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Table 1. 

In every case: lO.O ml of O.lOO n KBrOj + 5 ml of 2.5 n HCl + 8 ml of water 
-f- 1 ml of 3 n KBr -}- 0.7 ml of CCl, containing the dimethyl disulfide. After 
6 — 8 hours 2.5 ml of saturated NajHPO, -f about 0.5 g of KI were added, and 
the free iodine titsated with thiosulfate with starch as indicator. 


mg 

Equivalent amount 
of 0.100 n KBrOj ml 

MlofO.lOOnKBrO, 
per mg (CH.),S- 

0 

0 


0.94 

0.88—0.92 

0.94—0.98 

1.88 

1.88—1.96 

1.00—1.04 

2.82 

2.77—2.85 

0.99— 1.01 

3.7 G 

3.70—3.82 

0.97— 1.02 

4.71 

4.58 — 4.85 

0.97— 1.03 

5.64 

5.66—5.42 

1.00— 0.96 

6.58 

6.90—6.40 

1.05— 0.97 


mean value 1.00 | 


Table 2. 

Dimethyl sulfide. 


Concentration 

Effects 

mg/liter 

% by volume 

3 

0.11 

No effect after 30 minutes. 

14.5 

0.56 

Shut its eyes after 2 minutes, lay down after 10 
minutes, let out after 30 min. Immediately 
lively. 

34.6 

1.3 

Shut its eyes at once. After 5 min. sloiv respiration, 
after 10 min. also irregular, deep breaths, lihe 
sighs. Let’ out after 30 min. Instantly alert. 

76 

2.9 

Acted like the foregoing rat. After 25 min. it 
staggered in attempt to get up. At 30 min. it 
lay on its side, did not get up by itself, respira- 
tion very fast and superficial, frequency about 
200 per min. In 10 min. the rat seemed qrute 
normal again. 

80 

3.1 

After 6 min. staggered at attempt to rise. After 
20 min. the rat lay on its side unable to get up. 
Let out after 30 min. Recovered in about 10 
min. 

140 

5.4 

After 2 min. fast, superficial respiration, the rat 
staggered and fell do’wn on its side._ After 5 
niinutes the dyspnea changed over into irregular, 
slow, deep respiration. Huid bubbled from its 
nose. The respiration diminished gradually. 
Dead after 15 min. Autopsy: all organs smelled 



strongly of dimethyl sulfide, but no macro- 
scopically visible changes were found. 
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Table 3. 


Dimethyl disulfide. 


i Concentration 

\ 

Effects' j 

mg/litcr 

% by volume 

7.1 

0.18 

After 5 minntes disturbed respiration with ocea- | 
sional, deep convulsive breaths. Kept its balance j 
when the chamber was tilted. Let out after 30 
min., recovered immediately. ! 

11.9 

0.3 

Eespiratory rate immediately retarded. After 10 i 
min. only deep, convulsive breaths, about 10 per 
minute. At 25 min. spasms, kicking movements 
with the legs. 

Recovciy within 10 min. 

12.0 

0.33 

The same symptoms in two rats on different days. 
The second rat showed no macroscopically 
visible changes on autopsy, hut microscopically 
there were thickened alveolar walls, minute 
exudations in the alveoli and spotty infiltrations 
with macrophages. 

19.2 

0.40 

: 

After 5 min. slow, iiregular respiration, eyes shut, 
secretion from eyes and nose. Convulsions. The 
rat lay on its side after 20 min- The respiration 
became faster and more superficial; let out after 
30 min. The respiration gradually stopped. Dead 
after 35 min. Autopsy: Wood-coloured flaid 
could he pressed out from the lungs. 

In another experiment with the same concentra- 
tion the rat died after 15 min. only. 

26 

1 

! 

O.GO 

\ 

The respiration was at once disturbed. After 12 
min. convulsions, the rat lay on its side. After 
20 min. subsiding respiration. Dead after 25 
min. Autopsy: petechial bleedings in the lungs. 


in paralysis. There is some difference, however. The irritation 
seems to be stronger, resulting in convulsions and macroscopically 
visible ecchymoses in the lungs. The paralysis of the external 
respiration develops without foregoing paralysis of the locomotion. 
The results are evident from table 3. It appears that the concen- 
tration of dimethyl disulfide which kills a rat in about 15 minutes 
is only about one tenth of the concentration of dimethyl sulfide 
giving the same effect. This is remarkable, for alkyl polysulfides 
are stated to be less toxic than their monosulfides fsee above). 

3. Methyl mercaptan. This compound was used only for a few 
experiments. Trom the observations, which are summed up in 
table 4, it is evident, however, that the effect is that of general 
intoxication with more or less pronounced paralys^ of the loco- 
motory muscles and the respiration. Signs of local irritation were 
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Table i. 


Methyl mercaptan. 


Concentration 

Effects 

mg/litcr 

•% by volume 

1 

0.05 

No effect in 30 minutes. 

1.4 

0.07 

The rat seemed tired, bub recovered instantly 
■when taken out. 

3 

0.15 

After 15 min. the rat could keep on its legs but 
obviously only ■with great difficulty. 

At the end of the experiment it could get up for a 
moment but then trembled all over its body. 
Recovery in 5 minutes. 

Microscopically: clustered changes of edema type: 
thickened alveolar ■walls, exudation in the 
alveoli containing blood cells. 

20 

1 

Convulsions after 1 min. After 2 min. fast and 
superficial respiration. After 6 min. the rat lay 
on its side. After 8 min. respiration irregular. 
After 14 min. the respiration stopped. Autopsy: 
maoroscopically, small bleedings in the lungs. 
Microscopically: alveoli stuffed with erythrocytes 
large areas, compensatory emphysema. Moderate 
amounts of serous fluid in the alveoli. 


only found in the lungs at autopsy. The concentration necessary 
for killing a rat in 15 minutes seems to be of the same magnitude 
as for dimethyl disulfide. 


Discussion. 

The investigated substances contain bivalent sulfur as a toxo- 
foric group and the methyl radical, which in many substances has 
a distinct intensifying action on the toxicity (auxotoxic properties, 
see e. g. Sartobi, 1940, 1. c. p. 28). Comparison between the effects 
of hydrogen sulfide, which effects ought to be those of the toxoforic 
group alone, and those of the substances in question shows good 
agreement on the whole. The chief symptoms are, on the one hand, 
local irritation of the mucous membranes of the respiratory tract 
and the eyes, and on the other a general toxic effect, probably^ 
blocking of essential endocellular enzymes (Rodenacker, 1927, 
Bersix, 1940), which finds expression in palsies and occasionally 
in convulsions. As to the toxicity, however, there is a remarkable 
difference. According to Flury^ and Zernik, and Kobert, a 
concentration of 0.1 % by volume of hydrogen sulfide will loll a 
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lat, cat or rabbit in about 15 minutes. Of tbe investigated methyl 
derivatives, a 5 to 50 times greater concentration was necessary 
for the same effect on rata, as is evident from table 5. volume 
percentage was chosen, as the concentration unit, because the 
concentrations could then be compared on a molecular basis. The 
concentration is also given in mg. per cubic meter, as this measure- 
ment is 80 often used in toxicologic literature. The toxicitj values 
are likewise calculated on the basis of the two concentration units. 


Table 5. 


CompoiincI 

In 10 — ^20 minutes 
fatal concentration 

Relative toxicity 

10 

152000 

%hyvol. 

mg per 10001. 

% by vol. 


Hydrogen sulfide .... 

0.1 

, 1520 

100 

100 

Dimethyl disulfide . . 

0.5 

20000 

20 

7.5 

Methyl mercaptan , . 

1 

20000 

10 

7.5 

Dimethyl sulfide . . . 

5.4 

140000 

1.!) 

1.1 


Apparently the toxicity of dimethyl disulfide and methyl mer- 
captan is about the same, which might be explained by the inter- 
relation of the two compounds according to the equation fCH 3 )jS 2 -f 
_j_ 2H — 2CHaSH. The reason why dimethyl sulfide is so much 
less toxic is unclear. In hydrogen sulfide the toxoforic group 
acts as a sulfide or a SH' ion. This may possibly be true in the 
case of mercaptan too, but in dimethyl sulfide the methyl groups 
are so fixed to the sulfur, that saponification is veiy unprobable. 
In the dimethyl sulfide the toxic action of the toxoforic group is 
obviously limited through the firm binding of the methyl groups. 
Therefore, dimethyl sulfide shows a quite specific toxicity. 


Summary. 

A number of experiments on the effects and to:dcity of dimethyl 
sulfide, dimethyl disulfide and methyl mercaptan on rats are 
described. The effects of these sulfides are mainly the same as 
those of hydrogen sulfide. The toxicity, estimated from the con- 
centration necessary, to MU a rat in about 15 minutes, decreases 
in the order hydrogen sulfide — dimethyl disulfide — methyl 
mercaptan — dimethyl sulfide. 
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Since Helmholtz’s measurement of the velocity of the nervous 
impulse, similar points of view have been transferred to excitation 
and propagation of contraction in muscle. According to E. "Webek 
(1846), contraction, indirect as well as direct, occurs simultaneously 
in all parts of the muscle, while Bowman (1840), and Ficinus 
(1836), basing their theories on microscopic observation, find a 
progressive propagation of the contraction over the fibre. The 
following decades of research concerned themselves maioly with 
propagation of the stimulation and contraction in total muscle, 
and were less interested in the propagation of e.xcitation over the 
contractile substance itself — (Bernstein 1871), Hermann 
(1875), Engelmann (1897), Burdon Sanderson (1898), Hofe- 
MANN (1913), Bethe and Happel (1923), Fischer (1926), Happel 
(1926) and Rosemann (1936). The so called "contraction wave”, 
much discussed in this connection, cannot be regarded as an ex- 
pression of the transference of excitation or contraction over the 
muscle fibre itself. The con traction- wave, measured in the directly 
or indirectly stimulated muscle, is only related to an out-of-phase 
activity, i. e. produced by a partly asynchronised stimulation of 
the different muscle fibres. 

An analysis of the propagation of contraction, independent of 
the spread of the stimulus over the different parts of the muscle, 
can only be carried out by an examination of the single fibre. 
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Different indicators have been used to measure the propagation 
of acti\dt 7 over the fibre. AViLbtcA (1939), working on the propaga- 
tion rate of excitation, measured by means of action potentials, 
found a propagation velocity of l..‘< m/sec. Measuring the mechan- 
ical tension developed by the two halves of the fibre, Asmussen 
and Lindhard (1935) found the same tension development in 
the two parts when the stimulation had reached a certain level. 
The experimental procedure used, however, allowed no recording 
of an eventual time difference in the tension development. 

In the preseht experiments, the optically registered change in 
the cross striations (Buchthal, Kkappeis and Lixdhard (1930), 
was used as an indicator of the propagation of the contraction 
process over the fibre. This registration has essential advantages 
over methods which use a time difference in tension development 
as indicator, as a number of errors, e. g. on account of differences 
in elastic after-effect, are thus avoided. Furthermore, the course 
of the tension development can be affected by differences in the 
cross-section of the fibre parts, as a larger or smaller part of the 
two halves of the fibre are passively stretched under, an only 
nominally, isometric contraction. 

A propagation of contraction ivill yield a progressive change of 
height of compartment, and especially a progressive change in the 
length of the anisotropic (A), and the isotropic {!) discs. 

1) If the contraction spreads over the fibre, the degree of 
stretch measured by the height of compartment (A -f- 1) will 
change progressively under the propagation. The changes in the 
height of compartment to be expected with propagation of con- 
traction over the isometrically fixed fibre are very slight, as the 
tension — resulting from the contraction of part of a fibre only, 
and affecting the remainder of a still resting fibre — is small. 
Thus it can be seen that the changes in height of compartment 
can be judged only with great uncertainty. 

2) On the other hand, the changes in proportion between the 
length of A and I which take place under contraction are con- 
siderable, and can be measured with sufficient accuracy. With 
simultaneous measurement of the time course of the changes in 
the length of the anisotropic and isotropic substance in two points 
of the same fibre under contraction, it is possible to determine 
the propagation rate, when the distance between the two points 
of measurement is known. 

17 — ^/24075. Ada phj/s. Scandinav. Vol. 5. 
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Method. 


To make possible a simtiltaneous microcinematograpliy of tbe 
two points on the fibre, a fiber is bent around a glass rod in the 
form of a hairpin and placed so that the two parts of the fibre 
are alongside each other in the same microscopic field. The diameter 
of the glass rod is 0.5 mm. and the fibre is placed round the 
rod with a not-too-sharp bend, so that the fibre contents are not 
compressed. 

The experiments are performed on single fibres of m. semitendinosus 
(Rana esculanta and Rana temporaria), which are prepared under the 
binocular microscope from tendon to tendon in an ice-cooled Ringer 
solution. Some control experiments are made with small fibre bimdles. 
The pH of the Ringer solution, after a stream of 99 per cent Oj and 1 
per cent COj has been passed through it for 5 minutes, is 7.3 — 7.4, and 
the pH value does not vary during the experiment. To ensure a suit- 
able colloid-osmotic pressure, the Ringer solution contains, besides the 

different salts and glucose, 
6 per cent dialysed gum 
arabic., or 1.35 per cent 
Polyviol Am, 

After preparation, the 
fibre is placed on a sHde, 
around the above-men- 
tioned glass rod (Pig. 1), 
and the two tendon ends 
are fixed by means of two 
movable clamps. A cellu- 
loid frame 0.45 mm thick, 
is fastened upon the slide 



T,. , T,, . r r - T and closed with a cover- 

Fig. 1: Placing of the muscle fibre for simnl- , it, j 

taneous microcinematography of two points on glass, SO that a^Mg tn 
the same fibre, a = origin of stimulation. experiment, the fibre hes 

in a chamber filled with 
Ringer solution. The slide with the glass rod -and metal clamps is 
attached to a bakelite plate which fits the mechanical stage of the 
microscope in horizontal position. 

Stimulation: The stimulus is led to the tendon ends over the metal 
clamps, which fix the fibre on the slide. The stimulus is a rectan^ar 
current pulse with a duration of about 1 ms. The strength of the stimu- 
lus is chosen so that the contraction is maximal, without, however, 
causing an excitation travelling in the opposite direction. The chief 
current gradient is present in the fibre region a (Pig. !)• Purthermore, 
the results of the experiments clearly show that the origin of excitation 
is localised to this region of the fibre. _ , . 

Microcinematographic Registration: The changes in the cross striation 
during the isometric twitch are recorded by a suitable number of 
pictures per second. A water-cooled mercury high pressure lamp (Philips 
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‘TMlora Sp. 500”, brightness 33,000 Stilb, luminous flux 15,000 
Lumen) is used. The light is collected by a water-cooled collector (2 len- 
ses a 20 dioptr.) and sent through a constant temperature coohng 
trough of 10 cm thiolmess to a further collecting lens with focus on the 
slit of a rotating disc. The disc is 22 cm in diameter, and is driven by 
a synchronous motor making 3,000 revolutions per minute. In the- disc 
are two slits, so that the picture frequency amounts to 100 picttrres per 
second with an exposure below O.i ms. 

The disc is placed immediately in front of the condenser of the hori- 
zontally placed microscope. (Optic: Zeiss Epi objective 40x(n. a. 0.65) 
and projectionrcyepiece 9 x). For microphotographic recording a 
fall camera is used, with a film strip about 30 cm long. (Negative ma- 
terial: Agfa tone negative film "Special”). Rate of fall 1 m/sec. 

The distance from the eyepiece to the film is 5 cm and the single 
microphotograph reduced by a rectangular diaphragm to a size 10 X 20 
mm. Thirty pictures are recorded on one film strip. 

Measurement of the Negatives: The microphotographs are measured 
on the negative under the microscope with an eyepiece micrometer 
with movable cobwebs, with a magnification of 12.5 times. The total 
magnification thus amoimts to 900 x. To obtain the compartment 
height, the length of 10 successive compartments is taken. Besides, 10 
measurements of the A and I substance respectively are performed on 
each negative. The temperature in the muscle chamber is 20° C. and 
was determined thermoelectrically. 


Resnits. 

1) Changes in Height of Compartment under Contraction. 

The change in height of compartment under contraction differs 
according to whether the point of measurement is near to or far 
from the origin of the stimulus. When measuring exactly at the 
'point of stimulation, a contraction followed by a passive stretching 
can be expected. This passive stretch has already been observed 
by Gad when working on total muscle (1879), and later more 
closely examined by Fischer (1926). After stimulation, the fibre- 
part concerned contracts, and the subsequent stretch of the 
shortened fibre-elements is due to the spread of contraction over 
the whole fibre, and the height of compartment corresponds now 
to that in the resting condition. In the middle of the fibre one can 
expect, first, a passive stretching caused by the contraction in 
the vicinity of the point of stimulation, then a contraction, so 
that the height of compartment in this part of the fibre will be 
less than it w^as during rest, and finally, a passive elongation of 
these shortened elements due to the contraction of fibre parts 
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more, distant from, the point of stimulation. If the height of com- 
partment is measured at the distal end from the point of stimula- 
tion, first a passive stretching is obtained, and later, a contraction 
to the original length when the whole fibre is in contraction. 

The differences in the time distance between moment of stimulation 
and changes in cross striation can be used to indicate the position 
of the point of measurement relative to the point of stimulation, 
as this was selected at random. With short time distance, the point 
of measurement must be considered as situated near the point 
of stimulation, and far from it, should the time distance be long. 


'ij 



Pig. 2: Change in height of compartment during part of the course of an isometric 

twitch. 

a. near the point of stimulation, 

h. distant from the point of stimulation. 

Abscissa: time in ms. Ordinate: change in height of compartment in per cent. 

To estimate the changes of the compartment height xmder con- 
traction, the material is divided into two groups, according to a 
short or long time distance respectively. 

On account of the position of the stimulating electrode, in 
relation to the optical arrangement, it is difficult to measure 
directly at the point of stimulation, and the majority of measure- 
ments are taken around the centre part of the fibre, !, e. just before 
(short latent period), or just after (long latent period), the middle 
portion of the fibre. 

An increase in height of compartment followed by a contraction 
is observed when measuring before the middle of the fibre (short 
time distance) (Fig. 2 a), For technical reasons, however, this 
increase cannot be followed through its whole course until the 
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height of compartment again equals, or becomes less than the 
original value. 

When the point of measurement is distant from the point of 
stimulation (Fig. 2 b), the height of compartment shows larger 
variation, but here only the initial increase can be observed, as 
the subsequent contraction is not recorded, due to the limited 
niunber of pictures disposable. It is, however, possible that the 
subsequent contraction in both cases is somewhat masked by the 
viscous properties of the fibre, which retard the final consolidation. 

When measured near the point of stimulation, the variation in 
length amounts to 0.5 2 )cr cent, while it is over 1 per cent far from 
the point of stimulation. This difference is to be expected, as 
near the point of stimulation a stretch is recorded which is quickly 
compensated by the contraction of the area where measurement 
takes place, while in the second case, only a stretch is recorded. 
(Corresponding to the time difference found between the mechan- 
ical response and the clianges in A in per cent of the compart- 

/ 

ment height 

tension’, the change in length of height of compartment is nob 
A ' 

finished when -t'Wt f^gain has reached its original value. This 
A -i- i 

retardation is due to the viscous properties of the fibre. 

The uncerlainiii in judging the change in the height of compart- 
ment in the group with short distance from the point of stimula- 
tion, amounts to 0.2 per cent, and in the group with long distance, 
to 0.3 per cent. These values include measurement uncertainty 
as well as error on account of different points of measurement 
and individual variations, and the accuracy is clearly insufficient 
for a reliable measurement of propagation velocity. Much better 

A 

results are obtained when using the change in length of 
as an indicator. 

2) Change in the Length of A and I in Simultaneous 
Measurements of two Points on the Fibre. 

The maximal change in the length of A and I during a twitch 
of the isometrically fixed fibre is practically the same over the 

> The experiments concerning this comparison will be described in a following 
paper. 


, where the latter varies more rapidly than the 
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wliole fibre. The passive stretch of the parts distant from the 
point of stimulation does not measurably alter the change caused 

A- ° 

by contraction. At equilibrium length JZfJ amounts to 58 in 

the resting fibre, and to 50.5 in the maximally contracted fibre. 
We may, therefore, conclude that the propagation of the changes in 
cross striation proceeds without decrement over the whole fibre. The 


duration of the changes in 


A 

A+I 


is about 0.1 sec. (20° C). 


Tig. 3 shows an example 
of the change in A’s per- 
centage of the height of 
'o compartment as a func- 
tion of time for two points 
^ of the same fibre under 
^ contraction. The distance 

SJ ^ 

^ between the two poiats of 
■S measurement is 8 mm and 
the points on the curve 
are mean values of four 
experiments on the same 
fibre. 

On the basis of the 

change in cross striation 

for the two halves of 

the fibre during contrac- 

^ tion, a time difference of 

Kg. 3: Relative length of A and I substance about 23 ms is found for 
in the isoroetrically contracted fibre from 20 ms . , ex. 

before to 50 ms after stimulation. ■ course of changes m 

• • # near the point of stimulation (a). 

X X — X the fibre part lying 8 mm from (a), _i_ f* 

Abscissa; time in ms. Ordinate; A in per cent ‘ 

of height of compartment. The error in the deter- 

mination of the state of the 
cross striation at a given moment is, for the single point consisting 
of 10 measurements of A and I in the mean l.so per cent of the 
height of compartment. In the present curve, where each point 
is determined by 40 measurements, the error amounts to 0.65 per 
cent. Trom this, the corresponding time imcertainty is calculated. 
The variation in time of A’s percentage in the height of compart- 
ment is 3.7 per cent in the course of 20 ms corresponding to O.iss 
per cent per ms. On the other hand, the time corresponding to 
1 per cent change in A’s part of height of compartment is 5.4 ms. 
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With an error in A of O.GS per cent, the time uncertainty becomes 
0.65X5.4 

= 3; 5 ms. 


In the range which is used to measure the time difference, the two 
curves have 3 pairs of points which are used directly to measure the 
parallel displacement (Fig. 3). "When the error in determination of the 
single point is 3.5 ms, the corresponding uncertainty in determining the 
difference between the two values with the same uncertainty is: 


V3.5*-{-3.5= = 3.5.V2. 


When using three pairs of points, the resulting error amounts to 
3 

= 2.9 ms or 12.5 per cent of the time difference. 

V3 


This error refers to the points each determined by 40 measurements. 
The error in the remainder of the material where each point is deter- 
mined by 10 measurements, is 5.7 ms. 

Revising the total material where the time difference is determined 
by the position of the inversion points of the two curves, we find an 
error in the propagation time of 14 per cent, corresponding to an error 
in time of about 3 ras. This shows that the error in estimating the 
point of inversion is less than the error in judging the parallel displace- 
ment of the curves. 


The uncertainty found, which is the result of the error in 
measurement and the variation in the rate of propagation, is, 
wdth our knowledge of the error in measurement, mainly due to 
the latter. There is, therefore, no reason for supposing that the 
velocity of propagation itself varies essentially with the fibres 
examined. 

The whole material is put together in Table I. The experiments 
are performed with different distances between the points of 
measurement (4.5 — 8.0 mm) and a corresponding phase difference 
of 13 to 25 ms is found, while the resulting rate of propagation 
is practically unchanged: 0.32 m/sec + 0.016 (20° Ch 


Table I. 


Experimenl; 

Number: 

Distance bclxccen 
Points of 
Measurement 
mm 

Phase 

Difterence 

ms 

Vdocity of 
Propagation: 
mfsec 

32 B 

4.5 

15 

0.30 

*32 E 

4.5 

19 

0.24 

32 G 

4.6 

16 

0.28 

36 D 

4.G 

13.5 

0.35 

53 E 

8.0 

21 

0.38 

63 G 

8.0 

25 

0.32 

53 H 

8.0 

23 

0.35 

53 .T 

8.0 

23 

0.35 


Mean Value: 


0.32±0.016 
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Discussion. 

A so-called propagation rate of between 2.0 
been claimed for the contraction of total muscie.VC6mgareC-^^^ 
this, a very small propagation velocity, is found>inf aisingle^S^ 
muscle fibre. ■' ‘ 

It must, however, be considered that stimulalibn 
curarised muscle always excites the nerve or the.nerye?ehdm^'<i 
giving thereby a quicker spread of excitation,, which is determined^: 
by the velocity of the nervous impulse, and in this base, aSspdihted;? 
out by Lixdhard (1931), it is inappropriate to defihe il;-as a .wavb ., 
of contraction. 

A stimulation which affects one end of the ihi^cle’: 
completely curarised muscle only be transmitted'Ho^thb 
end of the fibres directly stimulated. Naturally,' as fibre^^^ 

.such varying lengths, only a part of the fibre^s,‘ cam- reach 
stimulated end of the muscle. If the whole muscle, is, -fb be stm^ 
lated, the current gradient must, at its weakest p6iht^;be” above-; 
the threshold values of all fibres, and the contraction ^ivill^bbr;' 
initiated at different places in the muscle at' the same.'ihhe^'r'Thi^;; 
speed of transmission of this so-called contracti6m{waye,>:will,' 
thus be determined, in the non-curarised muscle .:by.'the-*iV.elqciiy-; 
of the nervous impulse, and in the curarised muscle by 'the 
rence in the latent period or in the gradient of the stimiilatiquS 
current whereby different points of a single fibre may be ;s4muj.:.; 
lated. Many points can be stimulated simidtaneouslyiwith a;bigb ; 
current gradient, but only few with ..a small, resulting 
development of contraction in the first pase, -and . n':slow.’develpp.; ; 
ment when the gradient is low. It may thus be; concluded that the ' 
experimental results from total . muscle cannofe-be, cph,sidefed*'as : 
an expression for the propagation ,, of .contraction, over the coml' 
tractile substance. It is therefore rrapossible';.' to '.conelate the > 

»• 1 _ I*. ■•• • * -I rtfi J •• 



bundles have shown, the 'i 
isolation as such, 

The propagation of the^cqntfaction/^yefet&ifib^^ 
■tain time, and brihg.S:;abdut'|fchat^'we^4'?Y®f:'^ih^ 
changes ih: the mechanibal^pfqpeities^mjjthe .'fife 
because the changei m&t^ayb:;a^ce^am"4rahsit^^ 
ponding- at the lovbst 
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This finds an expression in the course of tension development 
as a function of time. When it is supposed that the individual fibre 


element contracts instantaneously and sharply, i. e. 


d tension 
d time 


is constant from the moment tension begins to develop, a sudden 
change of tension should be expected in the resulting tension 
curve for the total fibre. However, in the tension-time diagram 
for the total fibre, a smooth transition is generally seen, and the 



Fig. 4: Cross strintion as a function of distance from stimulated point. 

a = 20 ms, b = 40 ms, c = GO ms, d = 80 ms, o = 100 ms and f = 120 ms 
after stimulation. 

Abscissa: distance from stimulated point in arbitrary units. Ordinate: change 

A A 

of in per cent of the maximal change of (= C). 


. . d tension . 

transition time from the beginning untill is constant, 

^ ° d time 

i. e. until the tension development becomes linear, is about 
10 — 15 ms. In a fibre 1 cm long, this should correspond to a 
propagation velocity of l.GO — 1.00 m/sec. But the actual transition 
period is longer; it is not noticed because of the extremely low 
tension at the beginning of the contraction. As this concerns a 
passive stretch of a fibre, whose main part is at rest, the measure- 
ment of the tension development in this range is subject to a 
considerable inexactitude. 
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The more rapid the velocity of propagation, or the shorter the 
fibre, the shorter a propagation time and transition period can 
be expected. A quichly working mmcle must have a low frofaqation 
time, i. e. high •pro'pagation velocity or short fibres. 

From the rate of propagation (0.32 m/sec) and the time course 
of the changes in cross sbriation for a single fibre element, as is 
schematically shorna in curve I, Fig. 5, it is possible to figure out 
the condition of the cross striations at any one moment, and at 

roo 


80 i20 ms. 

Fig. 5: Change of -r — y during an isometrical tvritch. 

A -}-l 

I. for a single compartment, 
n. average for the entire fibre. 

Abscissa: time in ms. Ordinate: change of - j in per cent of the maximal 
A 

change of - v— , y (— C). 

A -p i 

any distance from the point of stimulation. An example is seen 
in Fig. 4, where the propagation time over the total fibre is put 
at 40 ms (corresponding fibre length is 13 mm). The curves a — i 
show schematically the condition of the cross striations of the 
fibre 20, 40, 60, 80, 100 and 120 ms after the stimulation. The 
abscissae correspond to the distances of the fibre element in 
question &om the point of stimulation and the ordinates repre- 
sent the state in the cross striation in proportion to the resting 

A 

fibre in percentage of the maximal change of the ratio ^ j 
denoted by C (at maximum contraction C = 100, at rest C = 0). 
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Diagram (a) shows the condition of the cross striation 20 ms after 
stimulation. Nearest to the point of stimulation, C is 60, in that 
this point has been excited in all the 20 ms. A. quarter of the 
fibre’s length away from the point of stimulation, C is 45 per cent. 
Here the fibre has only been stimulated for 10 ms and half its 
length from the point of stimulation the fibre is about to go into 
contraction, the propagation time for the contraction being 20 ms 
for this section. The rest of the fibre is still in a resting condition, 
and is stretched about 1 per cent. The change of C brought about 
by this stretch is only 0.1 per cent, and therefore not measurable. 
40 ms after the stimulation (b), C nearest the point of stimulation 
amounts to 100, and the last element of the fibre is just begin- 
ning to contract, corresponding to a propagation time of 40 ms 
over the whole fibre. Diagram (c) shows the condition of the cross 
striation 60 ms after stimulation. The middle part of the fibre 
has, at this moment, a C of 100. G decreases for the first half — 
where the contraction has passed its maximum — and increases 
for the second half. 80 ms after the cessation of the stimulation 
(d), the last element of the fibre has a C of 100 per cent (maximal 
contraction), while C decreases for the remainder. In Fig. 4 (e), 
representing conditions 100 ms after stimulation, the first quarter 
of the fibre is. again at rest, and 0 decreases towards 0 for the re- 
mainder of the fibre. 120 ms after stimulation, (f), the first three- 
quarters of the fibre are at rest, and after a further lapse of 10 ms, 
the entire fibre will be at rest. 

In Fig. 5, the state of the cross striations in a single, compart- 
ment is compared with the average change in A -f- I for a whole 
fibre rmder contraction as a function of time. In the curve for a 
single fibre element (curve I), C increases steeply, continues straight, 
and reaches its maximum after a lapse of 40 ms. After this, C 
decreases linearly, and after a further 50 ms reaches its original 
value. The curve is constructed on the basis of the direct measure- 
ments of A and I. 

Cm’ve II shows the average C for a total fibre with a propaga- 
tion time of 40 ms (fibre length' 13 mm). The individual points of 
the curve are obtained by integration of the curves in Fig. 4. 
It is seen that C as a maximum for the total fibre only amounts 
to about 80 per cent, and that the curve is less steep. Further- 
more, the changes take 40 ms longer than for the isolated element. 
Compared with the isometric tension development in the mechani- 
cal response, the steepness is more pronounced at the beginning 
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on account of the high viscous resistance against stretching of the 
individual fibre element. The example chosen is valid for a pro- 
pagation time of 40 ms corresponding to a propagation distance 
of 13 mm. When a 13 mm fibre is stimulated indirectly over the 
nerve, and the end plate is supposed to be located in the middle 
of the fibre, the propagation distance for the two halves of the 
fibre is naturally halved, and a steeper course can be expected for 
the mechanical response. 

BROivii and Sighel (1936) think that ^hll the contractions 
previously obtained with fine electrodes must be classed as local 
contractions”, and try to avoid local contraction and a propaga- 
tion by a special method of stimulation. Instead of stimulating 
by a current applied in a longitudinal direction, the fibre is 
placed in an approximately transverse electric field. The present 
experiments show that contraction is propagated when the fibre is 
stimulated by a current with a gradient in longitudinal direction. 
It seems doubtful if the method of stimulation applied by Brown 
and Sighel insures a simultaneous contraction of the entire 
muscle fibre, as experience has shown that it is difficult to 
stimulate with a current, the resultant of which goes transversely 
to the axis of the fibre. Currents with components longitudinal 
to the axis of the fibre will only be present at the ends of the 
plate electrodes, and it is, therefore, highly probable that the 
excitation and contraction are initiated at the ends of fibre onh' 
(from the edges of the electrode plates), and that the stimulus 
is spread from both .ends towards the middle of the fibre. 

The propagation time of the contraction w'ill have consider- 
able influence on the determination of the laient 'period of the 
changes in cross striation during contraction. 

In experiments which will be described in detail in a following 
paper, and which induced the present experiments, considerable 

variations in the latent period of the changes in found, 

while the latent period of the mechanical response in the various 
experiments only showed shght’ deviations. The accuracy m 
determining both latent periods amounts to 2 ms in the experi- 
ments in question. If we suppose, as seems natural, a causal 
relation between the changes in length of the A and I substance 
and the state of contraction, and further, a synchronous appear- 
ance of the contraction over the entire fibre, these large varia- 
tions in the latent period are inexplicable. On the other hand, the 
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deviations are to be expected when the contraction does not 
occur over the wliole fibre at the same time, but propagates over 
it. As the point of measurement for registering the change in 
lengtli of the cross striation was chosen at random in every 
experiment, a change in its localisation in relation to the origin 
of the stimulus will cause a difference in time, which becomes 
longer with an increase in time of propagation. 

The velocity of propagation, which amounts to 0.3 m/sec for 
the single fibre, is essentially lower than the rate of spread found 
for action potentials. If the values of Wilska (1939) are applied, 
action potentials spread five times more quickly than the changes 
in cross striation.^ 

Supposing similar electrical and mechanical conditions for the 
mr^le fibre elemcnl with regard to tension development and latent 
period, it must be expected that the potential accompanying a 
contraction propagates at the same rate as the optically measured 
changes in the fibre. In so far as Wilska’s findings are correct, 
this is not the case for the action potentials, and it must therefore 
be concluded that the spread of action potentials — corresponding 
to the excitation potential (E — potential) differentiated by 
Buchthal and Lindhard (1937) — has no direct connection 
with propagation of contraction. 


Summary. 

The propagation of contraction over the isolated muscle fibre 
is measured by the changes in the cross striation, i. e. shortening 
of the anisotropic (A), and lengthening of the isotropic (I) substance 
being used as indicator. Simultaneous microcinematography 
(100 pictures/sec.) of two points of the isometrically placed fibre 
shows a phase difference in the course of the changes in cross 
striation, which corresponds to a propagation rate of 0.32 m/sec i 
:±; 0.016 (20° C). The change in the cross striation is transmitted 
through the fibre vdthout decrement. Dependent on the distance 
between point of measurement and point of stimulation, an in- 

’ Bl'chthai. and Lindhaiuj ( 1937 , 1939 ) have not denied a spread of the 
potential accompanying excitation, as is quoted in error by Wilska ( 1939 ), but 
have expressly referred to the potential as “spreading over the fibre as a ivave" 
(1939 p. 106 ), which, however, must not be confused with the so-called contrac- 
tion wave in the whole muscle. It is still unexplained, however, whether it 
concerns a decrementless propagation or an electrotonic spread of potential 
(Buchthal 1937 ). 
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crease in height of compartment is found so long as the coniiac- 
tion has not reached the fibre elements under observation; 

The rate of propagation of contraction is essentially lower than 
that of the spread of action potential (excitation potential). The 
influence of propagation velocity on the course of the mechanical 
tension developed, and on the latent period, are discussed. 

The authors wish to thank Mr. E. Kaiser, Engineer, for 
valuable advice as regards the treatment and the interpretation 
of the material. 
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A Geiger-Muller counter arrangement mainly designed in 
accordance witli the description given by Hilde Levi, has been 
used in this laboratory during the last two years. We found that 
it was possible to get reliable results up to 50‘0 counts per minute 
or even more. The limiting factor is the mechanical recorder, 
which was found to require frequent readjustments, when the 
impulses registered exceeded about 500 per minute for more than 
a very short time. 

However, when the counting rate exceeded about 150 impulses 
per minute, and it is often important to be able to count such 
strong preparations, we found it necessary to apply a more ac- 
curate correction for counting loss, than that employed by Hilde 
Levi, who carried out the correction from the following formula: 

N = + ^ I 

where N was the actual number of incoming impulses per minute 
and Nobs the number of impulses recorded per minute. The con- 
stant k was determined empirically and was found to be 1,500. 

As the statistical fluctuations in the niunber of dismtegrations 



272 


IB HOLM-JENSEN. 


from 3« EBdios-ctivc sutsts-ncfi is Rboul/ ^ "hsin^ fliG iiuiiil)6r 
of impulses considered, and as a total of 10,000 impulses is practic- 
ally the maximum counted from any sample in biological -R’ork, 

the probable fluctuation Avill be — = 1 per cent. 

It is therefore desirable to keep the error due to approximate 
correction for counting losses below this figure in order to obtain 
the highest possible accuracy. 

The counting losses are caused by the finite recovery time of 
the Geiger-Muller circtdt, the amplifier and the recorder, 
because impulses arriving during these recovery periods are not 
transmitted respectively not recorded. 

The recovery times of the Geiger-Muller circuit and of the 
amplifier are negligible compared with that of the mechanical 
recorder, and need not be considered at the counting rates in 
question. 

Until recently it was customary to compute the actual incoming 
impulses per nainute from the following formula (Volz, 1935): 

= H 


where t is the recovery time. H and Hobs iis^e used in the 
same sense as in equation I. However, Buabk and Beammer 
(1937) stressed the fact that the above equation is based upon 
the assumption that an impulse in order to be registered must be 
preceded by an interval t during which no impulses arrive. In 
other words, if another impulse comes in during the recovery 
period this (even if it is not registered) should re-excite the recorder 
and add to the recovery time and thereby cause a further in- 
crease in counting loss. When, on the other hand, a recorder is 
completelv unaffected by additional impulses coming in during 
the recovery period N may be computed from a much simpler 
equation. 

N 

■M" , . , 

T-.jr ‘ • ’ ■ 


III 


The deduction of Ruark and Brammer is as follows: Consider the 
interval t following the arrival of an impulse. The average number 
of impulses lying in this interval is t • H, but there are Hobg such 
intervals per minute. Thus N == Hobs "r HobiH ‘ w’hich gives 
the above equation. 
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Equation II may be written 


N, 


N 


obs 


1 + tN + 




2 ! 


“sT"^ 


thus it is seen that there is only a minor difference between 
formula II and III if r • N is small. The difference, however, is by 
no means negligible at our counting rates. 

Example: 

If N = 500 and r = _ 

1,600 


equation II will give 


= 600 = 


500 


1.396 


358 


whereas equation III will give 


I^obs 


500 

l + Va 


500 

1.333 


= 375 


The difference is 5 per cent. 

It may be quite difficult to find out whether a recorder should 
be considered as belonging to one type or the other from theoretical 
considerations regarding its construction; but the problem can 
easily be solved experimentally by isolating the grid of the thyr- 
athrone valve; the recorder will now behave as if it received im- 
pulses transmitted from a radioactive source of infinite strength. 

Erom equation II is derived 


if N oo, lim Notj = 0 


and from equation III 
if N 


lim Nobs = 


1 

T 


Thus, when the number of impulses received approach infinity, 
a recorder of one type will stop recording, whereas a recorder of 
the other type will work at its maximum speed. 

The values of Nobs determined for the mechanical recorder 
in question are found to be 1,200 to 2,000, depending on the 
adjustment of the recorder, and of the strength of the anode current 
in the thyrathrone circuit. 

18 — i24075. Acta vTiys. Scandinav. Vol. 5. 
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The value of Notg obtained in the above test is about 10 per 

cent smaller than - found as shown below. So we may conclude 

that our counter is ‘practically unaffected, hy impulses arriving during 
the recovery period, and for our purpose we may safely apply the 
correction formula III. 

We have also tested cotxnters of different design which clearly 
belonged to the group to be corrected by equation 11. 

The constant r is readily determined in the same way as used 
by Hilde Levy for determination of her constant k which is 

seen to be nearly equal to — when N is small. 

T can also be computed &om the following equation derived 
from equation III: 

nxp — 

(n — 

where Xi and are coimtings per uiinute from the decay of some 
suitably shortlived radioactive substance, e. g. ThB with a half 
period of 10.6 h, n being the ratio between the corrected counting 
corresponding to Xi and Xq which is computed from the time in- 
terval considered and the known length of the half period. E. g. if 
the time interval considered is equal to the half period, n will be 
equal to 2 and 

2*X2~Xj 
T = 

X**Xi 


for this computation it is best to use readings from a smoothed 
decay curve. 

As a standard of the radioactive preparation used in our exper- 
iments is always counted regularly during the decay, and as this 
standard for practical reasons is generally chosen at least of 
equal activity to the strongest sample, we usually obtain the 
necessary facts to recalculate the length of our recovery period 
and thus check the adjustment of our counter. When r is com- 
puted the correction for counting loss is easily carried out by 
equation III which may be written 



N, 


obg 


-tN. 


obg 
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or 




tN* 


obs 


' 1 — tN, 


tN* 


obs 


^ — thus being the counting loss, 

1 — tNoi,3 

We found it most convenient to carry out the correction in the 
following way: 

III is written 

^obs 


N 


'■ = l — r-N 


obs 


The straight line representing the relation thus given between 
and Nobs is drawn. (Fig. 1). 


^oba 


■r 



^£5! _ 1 L_n 

N “ 1,600 


N, 


When Nobg is given the corresponding value of is found 
on this line and N is computed from 


— ■^'‘oba • 


In this way the computations are reduced to a minimum. 


I am greatly indebted to Mr. H. K. Roltved, Civil Ingineer of 
the Telephone Company Automatic in Copenhagen for kindly 
placing at my disposal mechanical recorders of different design. 
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Snmmary. 

The theoretical basis of correcting for counting losses in a 
simple Geiger-Muller counting arrangement is outlined and 
a convenient procedure for carrying out the correction is presented. 
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Tlie metiiods generally used for the determination of ascorbic 
acid are based on tbe reducing property of this substance and are 
usually carried out as titrations by means of an oxidation-reduc- 
tion indicator. Curiously enough the two indicators used occupy 
very different positions on tbe oxidation-reduction scale, methy- 
lene blue having a normal potential (E'q) of -j- 0.011 or very 
close to that of the ascorbic acid system itself, while E'q for 2 — 6 
dichloroindophenole is -f- 0.219. The potential of methylene blue 
is in fact so close to that of ascorbic acid itself, that methylene 
blue cannot be used for the titration of ascorbic acid directly, 
but only under the activating influence of strong light. The degree 
of activation or change in the potential depends on the intensity 
of the light and it may be difficult to secure conditions, rendering 
the results of various authors comparable. To the use of dichloroin- 
dophenole it has been objected that while the large difference in 
the potential of the two systems guarantees the complete titration 
of the ascorbic acid, it involves at the same time the risk that 
other substances having potentials situated between the two 
systems may interfere and be titrated more or less, thus giving 
rise to too high results. The reaction velocity of the process be- 
tween the dye and most of the interfering substances seems, how- 
ever, to be much slower than that of the process between the dye 
and ascorbic acid, though it has been proved to be so only in some 
cases. The difficulty of the interfering substances has to some 
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extent been overcome by taking advantage of this fact, partly 
by performing tbe titration at a pjj where the interfering substances 
are least active, partly by considering tbe endpoint as reached 
when the colour of the oxidized dye is stable in the solution for a 
short time, by which procedures the slower reacting substances 
are to some extent eliminated. 

Methods have been described, however, (Mindlin and Butler, 
1937; Bessey, 1938; Evelyn, Malloy and Eosen, 1938), where 
the difference in the velocities of the reactions have been used 
in a somewhat different manner to distinguish between ascorbic 
acid and the substances reacting more slowly. The principle of 
these methods is that the solution to be analysed for ascorbic 
acid is mixed with a known amount of dye and the progress of 
the decolorization followed by means of an electrophotometer. 
The resulting curve is used for an extrapolation to zero time for 
the slowly reducing substances. The methods described in this 
paper are developed on this principle but differ in details, notably 
in that no precipitation of the proteins of blood serum is performed. 

Because of the objections, which may be raised against the use 
of both methylene blue and dichloroindophenole, it was tried 
whether other indicators having potentials intermediate between 
these two systems were more suitable. The indicators tested were 
thionine (-}- 0 . 063 ), toluylene blue (-|- 0 . 115 ) and thymol indo- 
phenole (-f- 0 . 174 ). The potential of thiomne proved still to be 
too close to that of ascorbic acid, so that just as with methylene 
blue activation by light was necessary to bring about the reaction. 
Both toluylene blue and thymol indophehole reacted readily 
with ascorbic acid; the velocity of the reaction proved, however, 
to be slow in both cases. The result of this is that the decolorization 
curves obtained are drawn considerably out which makes it diffi- 
cult to distinguish between ascorbic acid and the other substances. 
As nothing seemed to be gained by the use of these indicators 
dichloroindophenole was adhered to. 

An essential feature in the methods is the use of an electro- 
photometer. The electrophotometer used in this study {Fig. 1) 
has been constructed in the workshop of the laboratory and in- 
corporates some details, which differ from the commercial types. 
It is of the one-cell type and a constant light source is consequently 
imperative; This has been obtained in two different ways, one of 
which is by means of a “Stabilovolt^^ aggregate,, which reduces 
the city 220 volt d. c. to a constant voltage of 110. volt, which 
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a mirror, b heat absorbing filter, c lens, d colour filters, e absorption cell, f iris 
diaphragm, g photocell. 


is used to feed a 15 watt bulb. In tbis laboratory tbis arrangement 
bas proved sufficiently constant as tbe variations in tbe current 
bas been of tbe order of 1 pro mille, but in an apparatus working 
in another laboratory tbe stabilization was not effective enough, 
probably due to imusually large changes in tbe voltage of tbe 
electricity supply of tbe btdlding, which boused a large industrial 
plant. The other stabilization method, which bas proved the 
most satisfactory, consists in charging a storage battery with 
exactly the same current as that drawn from it for the bulb of 
the photometer. In this arrangement a 6 volt, 3 watt bulb has 
been fed from a battery, which is being constantly charged from 
the city 220 volt a.c. system through an arrangement consisting 
of an oxyde valve, a transformer and a resistance allowing the 
charging current to be regulated to correspond to that of the 
bulb. 

The light from the bulb is collected into a narrow band by 
means of a cylinder lens (a front lenjs from an electric hand lamp 
may suffice) in front of which is placed a heat absorbing colloidal 
gold glass plate so as to avoid undue heating of the colour filters 
and the fluid sample. The colour filters which are combined from 
a set of filters from Schott imd Genossen, Jena, are placed in a 
holder between the lens and the absorption cell. The combination 
used for the ascorbic acid determinations consists of 2 mm thick- 
ness of V.G. 9 and 4 mm of B.G. 18 which is suitable for the 
measurement of dichloroindophenole in the acid range. To the 
absorption of these filters that of the blue tinged heat filter is of 
course added which, however, makes but Kttle difference in the 
results. 

All electropbotometric methods involve a blank determination 
carried out with an absorption cell filled with water or with the 
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solvent. TMs Wank deterioination is tke more important tke 
weaker tke colour to be measured. The use of a separate absorption 
cell for tbe determination of the blank involves, however, the 
danger that small amounts of dirt or small scratches on either the 
blank cell or on those used for the samples may give rise to errors, 
which are easily overlooked, but by no means negligible. Tbe pho- 
tometer used here has therefore been provided with an absorption 
cell which is rigidly fixed in its place in the apparatus and which 
is not removed during a series of determinations. Between two 
determinations the cell is emptied by means of a glass tube with 
a finely drawn-out tip, which is used in connection with a water 
filter pump. Before filling a new sample into the ceU it is rinsed 
twice with water. 

Various sizes of absorption cells may be used in the photometer. 
The one used for ascorbic acid determinations holds 25 ml and is 
4 cm long and 1 cm broad. At both ends the absorption cell is 
screened by diaphragms allowing only the light passing through 
it to reach the photocell. 

In most electrophotometers the absorption cell is placed under a 
cover during the reading of the galvanometer to prevent false 
light from reaching the photocell. Besides the fact that the re- 
moval and replacing of the cover between the determinations is 
time-consuming, it is moreover often useful to be able to have 
access to the fluid in the ceU during the' photometry. In the pres- 
ent photometer the photoceU has been placed at the end of an 
internally blackened tube 4 cm wide and about 20 cm long, at 
the opening end of which an iris diaphragm with a ma?:imal 
opening of 2.5 cm is placed. By means of the iris diaphragm 
the amount of light reaching the photocell is regulated. This 
arrangement is sufficient to ensure that practically no false light 
reaches the photocell even when the absorption cell is left un- 
covered, except when the room is exposed to direct sunlight when 
light curtains will sufficiently reduce the illumination. 

The photocells used are barrier layer cells of Dr. B. Langes 
manufacture. They have been used in connection with two diffe- 
rent types of galvanometers. The one is a “Cambridge pot galvano- 
meter” which has been used in conjunction with a homemade 
logarithmic scale and with a working ^stance of 2.5 m. The other 
is a “Multiflex Galvanometer” type M. G. 2. The photometer 
described here has been in use in the laboratory for a couple of 
years and has proved to have many advantages over the usual 
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types. In making tlie determinations of ascorbic acid the samples 
have to be diluted. For this dilution either acetic acid or acetate 
buffers are used. In order to minimize the danger of a destruction 
of ascorbic acid on dilution 10 ml of a 2 % sodium cyanide solution 
are added to each liter of all fluids used. 

The dichloroindophenole solution is made by preparing a 4 
mg% solution in distilled water. This is most conveniently done 
by dissolving a “la Roche” tablet in 50 ml. The dissolution of the 
dye occurs readily even in cold water if a drop or two of 1 % 
sodium hydroxide is added. The solution is filtered and may be 
used for a few days if kept overnight in the ice box. When used 
it is necessary to control the strength twice a day by means of 
the photometer, which is done by running a blank determination 
in exactly the same way as in the case of an ascorbic acid determi- 
nation. 

If a pure ascorbic acid solution is mixed with dichloroindophe- 
nole, in the proportions described later, and the process of decolo- 
rization followed by means of the photometer it is seen that under 
these conditions the reaction is practically completed in Vs minute 
and absolutely so in one minute. If the sample, however, besides 
the ascorbic contains other substances reacting with the dye the 
decolorization does not stop after the lapse of a minute, but pro- 
ceeds at a slow'er rate. The decolorization which occurs between 
1 and 2 minutes after the mixing is used for an extrapolation 
back to zero time, thus eliminating the decolorization due to the 
slowly reacting substances which take place during the first min- 
ute. The validity of this correction is of course dependent on the 
assumption that the rate of the interfering processes is the same 
during the first two minutes, which is probably tolerably correct. 
The correction is not of course able to eliminate errors due to 
substances reacting with the dye at a rate comparable to that of 
ascorbic acid, as f. inst. thiosulphate. 

In order to fix precisely the moment at which the reaction starts 
it is necessary that the mixing of the dye sind the ascorbic acid 
sample is very rapid. This is ensured in the following way: 1 ml 
of the dye solution is placed in the absorption cell by means of a 
Krogh 1 ml. syringe pipette and this is immediately followed by 
15 ml of the diluted sample (see later). These 16 ml are added by 
means of a pipette the outer tip of which has been cut so as to en- 
sure that the pipette is emptied in 1 — 2 seconds. In this way the 
mixing of the two fluids is almost instantaneous and a definite 
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zero time is obtained by setting a stop watcb going in tbe moment 
■when the first drop falls from the pipette after the continuous 
delivery has stopped. The galvanometer is watched and in case 
the mixing is incomplete this is sho-wn by irregular movements, 
in which case the fluid is stirred by means of a small glass rod. 
Eeadings of the galvanometer are taken at 1 and 2 minutes and 
after the last reading the remaining dye is reduced by the addition 
of 1 or 2 drops of a strong ascorbic acid solution (1 — 2 %). This 
leads to a rapid decolorization of the dye and after yet another 
half minute the galvanometer is read again, giving the light 
absorption due to the colour of the sample itself, which has to be 
subtracted from the other values in order to get the absorption 
due to the dye. The extrapolation is carried out by adding the 
difference between the two first readings (1 and 2 min.) to the 
reading at 1 minute. Example: Urine sample diluted with 5 % 
acetic acid containing cyanide and 1 % sodium acetate. Galvano- 
meter readings: 1 min.: 186; 2 min.: 170; after decolorization: 56. 
Extrapolation: 186 -f (186 -- 170) = 202. Dye remaining after 
the reaction due to ascorbic acid: 202 — 56 = 146. This value 
subtracted from the dye value (230) obtained in a blank deter- 
mination corresponds to the amount of dye reduced by the ascorbic 
acid, in this case: 230 — 146 — 84. 

The original dye value must be determined in a blank deter- 
mination run in exactly the same manner and because the dye is 
not completely stable in solutions more acid than p^ 4 extra- 
polation to zero time must be made in this case also. In order 
to convert the galvanometer units into ascorbic acid the apparatus 
must be calibrated by careful determinations on kno-wn solutions. 
Because of the great instability of the ascorbic acid this is no 
easy matter. It is best carried out by using an ascorbic acid solu- 
tion, made approximately 100 mg% in cyanide containing 1 % 
acetic acid, and which is some days old, when it ■will be relatively 
stable. The true strength of tbe solution is determined by titration 
■with iodine. Immediately before use 0.1 ml of this solution is 
diluted "with 5 ml of the acetic acid and a determination of the 
dilution made by further diluting 1 ml ■with 20 ml of the buffer 
solution and using 15 ml of this for the determination. Example: 
Ascorbic acid mother solution determined by titration to be 
77 mg%. Diluted sample thus 1.51 mg%. Buffer solution 5 % 
acetic acid. Eeadings: 1 min.: 125; 2 min.: 124; after reduction: 19. 
Extrapolation: 125 (125 — 124) — 19 = 107. Dye value =234. 
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Eeduction due to ascorbic acid = 234 — 107 = 127. 127 galva- 
norueter units thus corresponds to 1.51 rag% ascorbic acid when 
these dilutions are used, which means that 100 units is equal 
to 1.19 mg%. This factor, however, may be determined in a 
different way as follows: In titrations 1 mg of dichloroindophenole 
has been found to correspond to 0.5 mg of ascorbic acid. 1 ml of 
a 4 mg% solution as used in this method thus corresponds to 0.02 
mg ascorbic acid, which amount must be equal to 234 galvano- 
meter. Taking the size of the sample and the dilutions into con- 
sideration the original sample should be 2.8 mg% in order to 
reduce the dye completely, and 100 units should correspond to 
280/234 or 1.20 mg% as against 1.19 mg% by direct determina- 
tion. The calculation of the factor in this way is, however, only 
possible when the dye solution is absolutely fresh, i. e. less than 2 
hours old, and if it has been prepared without heating, which 
may destroy some of the dye. Care must of course be taken that 
the dye is completely dissolved, which is easily controlled when 
the dye solution is filtered. The determination of the factor in 
this way cannot be carried out with buffer solutions more alcaline 
than Ph c. 3.2, w'here the factor found will be too small and curiously 
enough it has only been possible with dyes from “la Roche” and 
from “British Drug House”, while a sample from “Merck” gave 
completely diverging results. If “la Roche” tablets are used the 
accuracy of the factor is about 5 % when calculated in this way. 

The method has been adopted for the determination of ascorbic 
acid in different materials and as the details differ the methods 
are described separately. 

Blood serum: In all methods used for the determinations in 
blood serum it has been the custom to deproteinize the serum. 
It w'ould seem that the chance of the destruction, if any, of the 
ascorbic acid would be less if deproteinization could be avoided. 
The question of a possible interference of protein with the de- 
termination was studied on solutions of egg white to which ascorbic 
acid was added. The extinction of the dye proved to be the same 
with and without protein, and the ascorbic acid added could be 
determined in buffers of various acidity. The experiment was 
repeated with serum samples with various ascorbic acid contents 
and ascorbic acid added could be determined here too, when 
certain precautions were taken, which were necessary because 
the ascorbic acid added may be rapidly destroyed, as evidenced 
by the fact that determinations on the solution repeated at inter- 
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vals of a few minutes siow decreasing values. The destruction 
which is especially rapid in serum which contains no performed 
ascorbic acid can be much retarded by the addition of 1 drop of 
2 % sodium cyanide for each 5 ml of serum. While the experi- 
ments as to deter m ining added ascorbic acid were successful, 
serums were later met with -which gave negative values for the 
ascorbic acid content. This turned out to be caused by the fact 
that in contrast to what was the case with egg white, serum, 
protein interfered -with the extinction of the dye, when acetate 
buffers were used, while with 5 % acetic acid the values were the 
same with and without protein. Because of this 5 % acetic acid 
has been used for determinations on serum, and negative values 
exceeding the error of the method have not been found, while, 
on the other hand, zero values have repeatedly been met with 
either spontaneously or after the serum had been left standing 
for some days. By the use of a filter combination -with a more 
narrow transparency (V.G. 9 B.G. 7) it is possible to work 
with a buffer solution of p^ 3.9 and yet obtain practically correct 
results, which are, however, somewhat lower (0.10 — 0.15 mg%) 
than those obtained with 5 % acetic acid. The use of this buffer 
may have some advantage as the dye is more stable in this than 
in the unbuffered acetic acid, but the results -with the latter are 
probably the most correct. The determination is consequently 
carried out in the folio-wing way: Blood is dra-wn, and after the 
addition of 1 drop of 2 % sodium cyanide for each 5 ml it is cen- 
trifuged rapidly before coagulation sets in. After a few minutes 
centrifugation, the coagulum now formed is loosened from the 
waU of the tube and the centrifugation renewed, till serum is 
obtainable. 1 ml. of serum is mixed "with 20 ml of 5 % acetic acid 
containing cyanide and the determination is carried out on 15 ml 
of this mixture as described above. The mean error of this method 
has been determined on a series of 50 sets of routine double de- 


terminations^ according to the formula m.e. = y where d 

is the difference between the individual double determinations 
and n the number of sets. The mean error on the single deternu'na- 
•tion was 0.023 mg%. 

That the substance determined in this way is really ascorbic 
acid is indicated by the fact that the value found in the blood of a 

1 Illy best thanks are due to Sfiss A.-L. LiBmnEEG for performing these analyses 
and for other help in 'nrorldng out the method. 
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certain individual falls rapidly 'vrlien ascorbic acid is excluded 
ftom tbe diet and that the values found fluctuate closely -with the 
intake of ascorbic acid, so closely in fact that the increase due to 
the ingestion of 26— '50 mg ascorbic acid may be demonstrated. 
As described here the method calls for a fairly large blood sample, 
but by using a smaller absorption cell it is possible to carry out 
the determination on much smaller samples. Using a homemade 
absorption cell 4.7 cm long, 3.5 mm broad and 15 mm high. I. 
LuNDQxnsT working in this laboratory has been able to reduce the 
size of the serum sample to 0.1 ml which is diluted with 1 ml of 
acetic acid and added to 1 ml of a diluted dye solution (0. 1 mg%) 
in the absorption cell. The determinations made with this micro- 
method were almost as accurate as those made with the macro- 
method, though no actual determination of the mean error has 
been made. 

Urine. The determination of the ascorbic acid content of urines 
encounters just as great difficulties as is the case with serum, 
because the amount of interfering substances is large, and more- 
over it seems that some of the interfering substances react with 
dichloroindophenole with a velocity which at least at some levels 
of Ph is almost the same as that with which ascorbic acid reacts 
with the dye. If a sample of fresh urine is allowed to react with 
the dye in the photometer, the decolorizatxon curve is at the be- 
ginning very similar to that of an ascorbic acid reaction, but the 
reaction is not completed after the lapse of 1 minute, but proceeds, 
just as in the case of serum, at a slower but more constant rate, 
evidently due to other reducing substances. If samples of the same 
urine are analysed at intervals, the height of the rapid part of the 
curve is seen to decrease rapidly, while the slower part remains 
comparatively unchanged, indicating that the most labile sub- 
stance (ascorbic acid) is oxidized by the atmospheric oxygen, 
while the less reactive ones are left xmchanged. In the course of 
a day or two the rapid part of the curve may dissappear completely 
but if ascorbic acid, calculated to correspond in amount to that 
which has disappeared, is added, the curve is restored to practic- 
ally the old form (fig. 2). This experiment may be carried out with 
the same result using various buffer solutions for the dilution of 
the sample. If, however, the height of the first part of the curve 
is compared at various p^ levels, it is found that the height de- 
creases as the buffer gets more alcaline, as is the case too with 
curves from ascorbic acid, but the decrease is much larger with 
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mg.% 



and ■with the addition of 1 mg% ascorbic acid. 

urine, which must indicate that the whole height of that part of 
the curve cannot be due to ascorbic acid alone, but that other 
substances must interfere. If buffer solutions more alcaline than 
about Ph 4.5 are used the results, however, agree with those on 
ordinary ascorbic solutions, and because of this it is regarded as 
most likely that results obtained with the more alcaline buffers 
correspond best with the true ascorbic acid content of the urines. 
The abnormal behaviour in the more acid buffers is perhaps due 
to thiosulphate, as it can be demonstrated that this substance 
in pure acetic acid reacts with dichloroindophenole at a rate, 
which is about half of that at which ascorbic acid reacts, while 
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tlie rate decreases to a very low value at 4.5. The effect of an 
eventual content of thiosulphate in the urine will therefore be 
eliminated when the determination is made at this p^. It must 
be emphasized, however, that neither with urine nor with serum 
does the mere fact that added ascorbic acid may be determined 
offer any guarantee that the substance determined in the native 
fluids is ascorbic acid. As it is not possible to use the same in- 
direct proofs (f. inst. fluctuations with small variations in intake) 
as in the case of serum, all that can be said with regard to urine 
is that the substance determined by the method reacts with 
dichloroindophenole at the same rate as ascorbic acid does. The 
method proposed for urine is as follows: 1 ml of urine is diluted 
with 20 ml cyanide containing 1 % acetic acid with 1 % sodium 
acetate. 15 ml of this mixture is used for the determination as 
above. 

Milk. The determination of the ascorbic acid of milk calls for a 
precipitation of the proteins -{- the fat in order to obtain a fluid 
sufficiently clear to allow photometry. The precipitation has been 
performed by adding 3 ml of a fresh 2 % solution of metaphos- 
phoric acid to 1 ml of millc, which has been centrifuged and fil- 
tered, and subsequently diluting with 25 ml of a buffer containing 
5 % acetic acid and 0.2 % sodium acetate -j- cyanide. The solution 
is filtered through a filter (f. inst. Schleicher und Schull 589s) 
which clears the fluid sufficiently to allow photometry and which 
does not give off reducing substances in amounts large enough 
to invalide the determination. 15 ml. of the filtrate are used for 
the photometry as above. The mean error on the single deter- 
mination calculated from 25 sets of routine double determinations 
has been 0.025 mg%. The factor for the conversion of galvano- 
meter units into ascorbic acid may as in the case of serum be cal- 
culated from the dye value; because of the different dilution the 
factor is here equal to 3.86/dye value. 

Other materials. The method may of course be used on all mate- 
rials capable of giving a fluid clear enough to allow photometry. 
It has been used in the laboratory for a number of determinations 
on plant material, which was extracted with cyanide containing 
5 % acetic acid. This solution is not acid enough to hinder the 
action of the oxydases in cold extraction, so that the extraction 
has been made by addition of the material to the boiling acid, 
whereby the oxydases are immediately destroyed. Generally 
the fluid does not call for a filtration, but larger particles may 
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be avoided by filling tbe 1 ml pipette through a small glass tube 
provided with a plug of cotton. On a series of determinations on 
the contents of extracts of hips, the mean error on the single de- 
termination calculated from 25 sets of double determinations has 
been 0,011 mg%. 


Summary^ 

Various redox-indicators have been tried in determinations of 
ascorbic acid. 

Dichloroindophenole seems to be best suited for electrophoto- 
metric determinations. 

A simple but improved electrophotometer is described. 
Methods for the determination of ascorbic acid in various bio- 
logical fluids are described. In the serum the determination may 
be carried out without protein precipitation. 

In urine substances are present, which contrary to the general 
conception interfere most in the more acid buffers. 

The best results are obtained with buffers of a p^ around 4.5. 
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The resistance of humans and animals to the action of nar- 
cotics and toxic substances is subject to great individual varia- 
tions. Several authors have searched for the cause in the endo- 
crinal field. Thus the toxic effect and the metabolism of ethyl 
alcohol have been investigated in relation to hormonal influence. 

Insulin is said to accelerate the alcohol metabolism in rabbit 
(Sotniewsky 1926, Kanitz 1936, Junge 1937), in dog (Wid- 
MARK 1935, Clark, Morrissey, Fazekas and Welch 1911), as 
well as in man (Newman and Cutting 1935, Goldfarb, Bowman 
and Parker 1939, Meyer 1939). Contrary to this Mirsky and 
Nelson (1939) proved no action of insulin on blood alcohol in 
pancreatectomised dogs, neither did Fleming and Beynolds 
(1935) nor Blotner (1939) find any effect on oxidation rate in 
man. — With regard to the absorption of alcohol from the in- 
testinal tract insulin had an inhibitory effect (Siegmtjnd and 
Flohr 1937, BQhmer 1938). — Its effect on the degree of intoxi- 
cation was primarily “psychic”, and no effect whatsoever on the 
neuro-muscular coordination (Junge 1937). 

Thyroxin produced no effect on the combustion rate of alcohol, 
either on experimental animals or man (WiDik5ARK 1935, Lang 
and ScHLicK 1936, Benedict and Mezey 1937). On the other 
hand, by determining in vitro the O.-metabolism, Dontcheff 
(1939) found that thyroxin reduced the alcohol oxidation rate, 
probably by way of an enzymatic reaction. 

19 — J24075. Acta plivs. Scandinav. Tol. 5. 
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Adrenaline and ‘pituitrin Jiave no effect on the alcoiiol combus- 
tion (WiDMARK 1935, Fleming and Keynolds 1935); the altera- 
tion of the blood alcohol curve bj these hormones being due to 
their inhibitory effect on the absorption of ingested alcohol 
(SiEGMUND 1937, Blotnee 1939). 

'\Vith regard to ses and sex hormones Abderhalden and Wert- 
heimer (1927) indicated a sex difference in alcohol tolerance, 
female mice being more resistant to chronic alcohol poisoning 
than males. EIask (1929) claims that castrated rabbits were af- 
fected by smaller doses of alcohol than normal animals. Storte- 
BECKEB (1937 a and b, 1939) proved estrogens and androgens to 
have an acute antinarcotic and antitoxic effect on mice and 
rabbits against different drugs, i. a. ethyl alcohol. Thus castration 
lowered the resistance to alcohol, and treatment with estrogens, 
on the other hand, increased it. 

Studying alcohol addiction in rats, Klotz (1937) found ovari- 
ectomy to induce an increased sensitivity to alcohol, Agdhhr 
(3938) stated that normal sexual functions intensified the resisting 
power of the experimental animals to alcohol intoxication, mated 
animals being compared with animals Icept isolated. Finally 
Ijiri (1939), using the Warburg apparatus found that the Oj- 
metabolism of brain substance from castrated animals was de- 
creased by a 0.5 % alcoholic solution, normal brain substance 
not being influenced. 

From the above it is obvious that certain hormones may in- 
fluence the alcohol metabolism and the degree of intoxication, 
but for the sex hormones the mode of action is not perfectly clear. 
In the present work we intend to study 

1) whether estrone produces its antinarcotic effect (Stortebecker 
1937 b) by means of a general change in alcohol metabolism 
or whether it is only local, and 

2) whether the existing variations in the individual resistance to 
alcohol are due to the antinarcotic effect of estrone. 

methods. 

The experimental animals were castrated female rabbits, used 1 to 8 
months after ovariectomy, and weighed 2350 to 3400 g. Criteria of 
alcohol intoxication were those established by Goldberg and Stoete- 
BECKEE (1941) and were referred to the prevailing blood alcohol level. 



ANTINAECOTIO EPPBCT OP ESTKOEE. 291 

On one and the same animal at least two expeximents were per-^ 
formed, the first with alcohol, the second with alcohol and estrone* 
The ethyl alcohol was injected intravenously in a dose of 2.4 to 2.8 g 
ale. abs. per kg body weight, diluted to 33 % by volume, infusion rate 
1 ml per min. 

Estrone treatment: Crystalline estrone,^ 8 to 15 mg = 80,000 to 
150,000 int. units, was administered simultaneously with the alcohol 
injection, the estrone being dispersed in the first portion of the alcohol 
solution. The estrone brought about none of the symptoms, characteristic 
of alcohol intoxication, nor did it interfere with the alcohol analysis. 

The alcohol analysis was carried out according to Widmark’s micro- 
method (1932). ^he constants ^ and r (Widmabk 1932) were calculated 
after the method of least squares, likewise the standard errors of 
and Co (Bernhard and ’Goldberg 1935). The antinarcotic effect was 
determined as the difference in blood alcohol concentration for one and 
the same criterion before and after estrone treatment (cp p. 293 and 
table 1). 


Results. 

Alcohol was administered to castrated female rabbits before 
and after estrone treatment in altogether 9 series (18 experiments), 
all of which were performed under uniform conditions: each series 
on one and the same animal at constant dosage and body weight 

(± 100 g). 

Sym'ploms. After finished intravenous injection of 2.4 to 2.8 g 
ale. abs. per kg the castrated animals showed the following reflex 
state: righting reflexes, spontaneous activity and normal sitting 
posture (chin sign) were all absent, and the typical alcoholic 
postural nystagmus was present. — During recovery from the 
intoxication, the reflexes reappeared in the order to be seen 
in fig. 1, the postural nystagmus generally being the last criterion 
of intoxication to disappear. 

The estrone-treated castrated animals recovered from the alcohol 
intoxication at an earher stage than before treatment. Further- 
more the sequence of the reappearing reflexes changed during 
recovery: the spontaneous activity generally beginning before the 
hind limb righting reflex became present, and the animals re- 
suming their normal sitting posture (chin sign +) almost simul- 
taneously with the appearance of the righting reflexes, a striking 
difference from the untreated animals (cp. fig. 1). These observa- 
tions confirm the experiments of Stortebecker (1937 a, b, 1939) 

' ’W'e wish to express onr best thanks to Erik Jacobsen, M. E., A/S Medici- 
nalco, Copenhagen, for so kindly supplying ns with estrone. 
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Criteria of Alcohol Intoxication Referred to Blood Alcohol, 
before and after Estrone Treatment. 

Castrate. Rabbit 5. 3,190 g. 2.8 g alcohol per kg 

/? = 0.0041 7w Co = 3.82 ®/w r = 0.73 
O I B O Castrate -f Estrone. Rabbit 5. 3,060 g. 2.8 g alcohol per kg + crist. 

estrone 150,000 int. units 
f = 0.0041 ®/m Co = 3.84 ®/oo r = 0.73 
Criteria present: 1 = Righting reflexes: Head 4 = Nystagmus 

2= > > Forelimbs 5 = Spontaneous actmty 

3 = » » Hindlimbs 6 = Normal Sitting Posture 

vsitli estrone treatment of castrated and normal rabbits and white 
mice. 

Blood, alcohol curve. The diffusion phase lasted 30 to 80 min, 
and generally had an exponential course. — The following post- 
absorptive combustion phase was rectiliuear in all cases, the curves 
agreeing completely with those found in normal animals (New- 
iiAK and Lehman 1937, Goldberg and Stoetebecker 1941). 

The oxidation rate and the distribution factor r (Widjiabk 
1932) were determined in 6 series: 

jbefore estrone treatment: 0.0043 ®/oo i 0.0003 
" [after & » 0.0043 % ± 0.0003 

jbefore estrone treatment: 0.88 + 0.04 
^ [after » j> ; 0.86 0.04 
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Thus estrone treatment of castrated animals had no influence 
on P nor on r, and the values found agreed completely E'ith those 
established for normal animals: /? being 0.0048 o/op J:; 0.0002, 
and r being 0.87 ± 0.02 (Goldberg and Stortebecker 1941). 

Symjttoms rehied to blood alcohol. After estrone treatment the 
reflex data occurred sooner. "With the blood alcohol curve being 
unchanged, an earlier occurrence of the reflex data must corres- 
pond to a higher blood alcohol level (see fig. 1, illustrating the 
relation between symptoms and blood alcohol). 

The size of this difference in blood alcohol concentration for 
one and the same reflex criterion has been used as a measure for 
the antinarcotic effect of estrone. The difference was greatest for 
spontaneous acti\dty and normal sitting posture (cliin sign), 
considerable for righting reflexes and suggested for postural 
nystagmus (table 1). 

Table 1. 


Criteria of Alcohol Intoxication Referred to Blood Alcohol, 
in Castrated Animals before and after Estrone Treatment. 


Criteria 

Blood Alcohol Concentration 

Antinarcotic Effect 
Difference 

before Estrone 
“/oo 

after Estrone 
°/oo 

in Blood Alcohol 

7oo 

Righting Reflexes 




Head 

3.03 

3.30 

0.27 + 0.O7 

Forelirabs 

2.97 

3.23 

0.26 + 0.07 

Hindlimbs 

2.82 

3.09 

0.27 + 0.05 

Spontaneous Activity . 

2.68 

3.12 

0.44 + O.08 

Normal Sitting Posture 
(Chin Sign) 

2.63 

3.03 

0.40 + 0.11 

Nystagmus 

2.66 

2.72 

0.16 + O.IO 


The values are means of 8 series of experiments. 


Experiments have shoAvn, that the difference in blood alcohol, 
viz. the antinarcotic effect, becomes greater at a higher alcohol 
dosage, 2.8 to 3.25 g per kg body weight, why this amount ought 
to be used for further work on this theme. 

In all the estrone experiment the animals showed a more rapid 
recovery than those untreated. In some cases, however, the ani- 
mals relapsed into a higher degree of intoxication after 3 to 5 
hours, the reflexes already present disappearing. This change in 
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the reflex state was not accompanied by a similar change in the 
blood alcohol curve, which was still rectilinear, neither did it 
appear in untreated nor in normal animals. Their relapsing in 
these cases must be ascribed to the antinarcotic effect of estrone 
being transient. SroRTEBECKERh (1937 a) observations with 
ether are in favour of this assumption; he found an antinarcotic 
effect of estrone, provided the hormone being administered 
together wdth the ether anesthesia; but estrone given the day 
before produced no visible effect. This transient effect of estrone 
is due to the estrone being inactivated rapidly in the organism. 
Thus i. a. Dingemanse and Laquedr (1937) could only find traces 
of estrone in the body 6 hours after administration of even large 
quantities (25000 int. units), dissolved in water or in oil. The 
transient effect seems to be common to the hormones of the 
gonads, androsterone and testosterone also disappearing rapidly 
from the organism. 

The earlier described nystagmic opistotono-rotatoric syndrome 
(Goldberg and Stortebecker 1941), visible at heavy alcohol 
dosage (> 3,0 g per kg), was also found in castrated animals as 
well as after estrone treatment, imder the same conditions as in 
normal ones. This syndrome could be inhibited, provided the 
nystagmus w'as prevented by keeping the head of the animal fixed 
in a normal upright position. Dandy and Kttnkel (1939) have 
found a similar whirling in dogs and cats after section of one or 
both 'Vlllth cranial nerves. 

Discussion. 

The antinarcotic effect of estrone on alcohol intoxication 
(Stortebecker 1937 b) has been confirmed. Our present ob- 
servations show that this effect cannot be explained by a lowering 
of the blood alcohol level, as estrone treatment produced no change 
of the blood alcohol curve. The effect of estrone on alcohol intoxi- 
cation must thus be looked for in the central nervous system. 

The altered relation between the reflex symptoms and the blood 
alcohol concentration means a changed threshold of the central 
nervous system to alcohol after estrone treatment; the reflex 
data occured sooner, corresponding to a higher blood alcohol 
concentration. Analogous to this the narcotic concentration for 
ether in the blood was 82 mg% in castrated rabbits, and it increased 
to 126 mg% after estrone treatment (Stortebecker 1937 a). 
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Spontaneous actmty and normal sitting posture were less 
affected by alcohol than other reflexes after estrone treatment, 
and this different affection of the symptoms indicates a certain 
localization of the estrone effect to higher nervous functions. 
JtTNGE (1937) has observed a similar phenomenon with insulin 
treatment, which caused a "psychic” awakening effect, consisting 
in spontaneous activity and excitation, though the neiu-o-muscular 
incoordination (ataxia etc.) remained. 

Rcsisfance. Concerning the individual variations in resistance 
to alcohol, our observations show that estrone treatment diminishes 
the degree of alcohol intoxication in castrated as well as in normal 
animals. This difference in resistance to alcohol before and after 
estrone treatment is especially marked in the “behaviour” (spon- 
taneous activity and normal sitting posture). Further the normal 
animals have a greater resistance to alcohol than those castrated 
(Stortebecker 1937 b). The antinarcotic effect of estrone on 
alcohol intoxication involves a change in the relation between 
reflex s}Tnptoms and tlie blood alcohol level, the general alcohol 
metabolism not being influenced, indicating that estrone alters 
the excitatory state of the central nervous system. These facts 
enable us to conclude that resistance to alcohol intoxication is 
related to the hormonal state, and that the amount of estrogens 
in the organism is an important factor in this respect. 


•Summary. 

The effect of estrone treatment on ethyl alcohol intoxation in 
castrated rabbits has been studied; the degree of intoxication being 
established by means of reflex criteria and referred to the blood 
alcohol level. 

1. Estrone treatment diminishes the degree of alcohol intoxi- 
cation, Stortebecker’s (1937 b) observation being confirmed. 

2. After estrone treatment the animals only attain the same 
degree of intoxication at a higher blood alcohol level. The differ- 
ence in blood alcohol concentration has been used as a measure 
for the antinarcotic effect of estrone. 

3. The general alcohol metabolism is not affected by estrone, 
the oxidation rate ^ and the distribution factor r being unaltered. 
The effect of estrone on alcohol intoxication must thus be 
searched for elsewhere, e. g. in the central nervous system. 
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4. The varying resistance to alcohol depends i. a. on the hor- 
monal state of the individual, and the amount of estrogens in the 
organism seems to be an important cause. 
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The large majority of bivalves feed, as is well known, on parti- 
culate material, micro organisms or detritus, suspended in the 
water respired, and retained dxiiing the passage of this water 
through the gills. In studies of the nutrition biology of lameUi- 
branchs the quantitative determination of this water transport 
is therefore important. 

Several attempts have been made to carry out such determina- 
tions, but only in a few cases has a technique been employed which 
could be expected to give even approximately reliable results. 

Both direct and indirect determinations have been attempted. 
Galtsoff (1928 a and b), working directly, introduced a glass 
tube into the expiration siphon leading the water to a measuring 
cylinder in which the quantity of water transported could be 
read off, care being taken to avoid any pressure difference bet- 
ween external and internal giU surfaces, or the transport was 
judged from measurements of the rate of movement of a 
carmine suspension in the tube connected with the siphon. The 
objections against these experimental procedures are obvious. 
The introduction of a tube in the siphon and a glass rod between 
the valves to prevent their being closed interferes so seriously 
with the normal conditions of the animal that the values found 
will probably be too low. Moreover it was shown by Hopktns 
(1933) that the rate of water transport depends not only on the 
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ciliary movements on tlie transporting surfaces, expecially those 
of the gills, but is also regulated by the degree to -R-hich the shells 
are opened. This, like the ciliary movements, is influenced by 
temperature, but the optimum is different from that of the cilia. 
Any regulation of the position of the shells is of course excluded 
vrhen a glass rod is put in between them. The applicability of 
the method is restricted to forms possessing, like Galtsoff’s 
experimental animals, a suitable anal siphon. 

The principle in the indirect methods most often attempted has 
been to calculate the quantity of water transported through the 
gills from the removal of particulate material of suitable dimen- 
sions and density. Vlallajst:s (1892), Dodsson (1928), Damas 
(1935) and Fox, Sverdrup and Cdxistxgham (1937) have utilized 
this principle, but F ox is the sole author who worked it up into 
a method. 

Fox placed his experimental animals (M3d;ilus californiensis) in 
suspensions of CaCOs and determined the reduction in the Ca 
content, brought about by the mussels, by Ca-analyses at suitable 
intervals. The amount of water filtered is calculated from the 
formula 




(n»m \ 

'( J/ V‘ 


Po is the Ca content at the start of the experiment and p, the 
content after t hours, n is the number of mussels used. M is the 
number of liters of suspension used in the experiment, and m 
the quantity in liters transported through the gills per hour 
and per animal, a finally is a correction allowing for the sedi- 
mentation taking place independently of the mussels. This sedi- 
mentation was measured in control experiments. 

The formula can only give absolute values provided the calcium 
is quantitatively retained by the gills. The results seem to show 
that this was really the case, since log p was found to be a linear 
ftmetion of t for values of p at all the concentrations examined, 
ranging from 1.24 to 0.47 g Ca. per liter. This will be the case 
only if the mussels retain all the Ca passing through the gills or 
if a constant percentage is retained, independently of the con- 
centration. This latter possibility appears improbable. It is 
therefore to be assumed that the Ca is practically completely 
removed from the suspension in the transport through the 
gills. 
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The results of Fox’ experiments are slio-wn in table I. 


Table I. 


Nnmlier 

of 

mussels 

used 

Number 

of 

experi- 

ments 

■Weight of mussels in g. 

Transport of -water in 1 per 
hour per mussel 

Range 

Average 

Range 

Average 

6 

4 

337—515 

431 

1.8-18.1 

6.4 

24 

6 

75-166 

93 

2.2— 2.9 

2.6 

26 

4 

34- 40 

37 

0.5— 2.1 

1.4 


The method of Fox and collaborators is a great improvement 
on those formerly employed, but the large quantities of calcium 
carbonate necessary (ca 3 g/1) are a dra'wback. The dry matter 
of the suspension is far above the normal, and small bivalves or 
pelagic larvas will in any case be adversely affected by the enor- 
mous quantities of material in suspension and give much too low 
values for the transport. Only fairly large individuals have been 
used therefore, (from 34 g upwards). The chemical Ca determina- 
tions necessary make the method rather time consuming. 

The suspended material to be used in such experiments must 
fulfill the following conditions. 

It must form a stable suspension of grains of uniform and suit- 
able size which can be retained completely by the gills. It must 
be nonpoisonous and not produce irritation (e. g. by changing 
the Ph of the water). It must be easy to determine quantitatively 
and easy to procure. The suspension used by Fox et. al. corre- 
sponds only in part to these conditions. 

The search for such a material led to the choice of the blue- 
green alga Synechococcus. This alga was cultivated in sea water 
&om the locality where the experimental animals (Mytilus edulis) 
were taken. Soil extract and nutritive salts were added according 
to the directions of Schreiber. The pn was kept constant by 
the frequent addition of dilute HCl. In vigourous cultures showing 
a maximal growth no sedimentation of algae takes place, and 
the dry matter of the water is much closer to the normal values 
than is the case using Fox’ method. 

In the experiments about 1 g mussels were placed in 200 ml Synecho- 
coccus culture. I tried in the first experiments to determine the con- 
centration of cells by counting in a suitable chamber under the micro- 
scope. But the number was reduced so quickly that a large number of 
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counts became necessary to obtain a sufficient accuracy. The specific 
^avity of tbe algee is so close to that of the sea water that a concentra- 
tion of the cells by centrifugation is impossible. It was preferred there- 
fore to make a photometric determination of concentration by meas- 
uring the absorption of light in a definite thickness of the suspension. 
The electrophotometer according to Kehberg was used (Acta physiol, 
Scand. 1943). Determinations were made on 20 ml samples, and filter 
EG 1 was used. 



Fig. 1. 


The light absorption caused by dilution of various suspensions of 
the algae is shown in fig. 1. The most concentrated culture is put at 
100 (corresponding in the photometer used to a current of 16.2 MA, 
when 0 % (pure water) was equivalent to 70 MA), The curve was first 
drawn on the basis of ^utions to Ya. Vs strongest culture 

and the readings corresponding to these dilations. Thereupon another 
(weaker) culture was diluted in the same way. The undiluted weaker 
culture was measured on the curve for the first culture and found to 
correspond to 69,6 %• Accordingly the rest of the dilations should 
correspond to 34.8, 17.4 and 8.7 % of the strongest culture and they 
are found to fit the curve. A third colture treated in the same way 
likewise fitted the curve. It follows that when only fresh and vigourous 
(distinctly blue-green) cultures are used it is possible to express the 
concentration of any culture and its dilutions in per cent of the standard 
culture. 

We mast assume that the number of cells removed by the mussels 
during an experiment is at any time proportional to the number present, 
and the removal can therefore be expressed as a monomolecular reac- 
tion according to the formula 

, .[\oMconCo--logconCt)-3I 

conct^ conco'e or m = ids 
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in which. Jlf is the quantity of water in ml used for the experiment 
and in the quantity transported per min. while conco and conct are 
taken from the curve in accordance with the amperemeter readings. 

in mil represent the absolute flow of water, only if all cells passing 
the gills are kept back. It is reasonable to assume that at least a very 
large majority of the Synechococcus cells which are only 2 — 3 mikron 
long are so retained by the gills of Mjdiilus. ZoBell and Landon 
-(1937) state that 99.9 % of added bacteria are retained by Mytilus 
californicnsis, but Galtsoff found that only 20 — 50 % of the bacteria 
in sea water were retained by Ostrea virginica. Large variations in 
the retaining power of the gills of different bivalves seem to exist 
therefore. 

The concentration of the algae can probably be determined also by 
colorimetry. Fresh vigorous cultures show a very strong blue-green 
colour. The chief advantage of the ”alga method” are the rapidity 
mth which it can be carried out, its lack of interference mth the normal 
life of the experimental animals and its consequent reliability. It will 
be possible to use it on all kinds of plancton filtering animals. It is a 
drawback that fairly large quantities of fresh cultures are required for 
experiments on a larger scale. 

Only a small number of determinations have been carried out 
so far by means of this method. 

I give here only the result of 3 sets of experiments on the same 
sample of small Mytilus (5 specimens weighing 1 g in all). The 
concentration of the algae is determined with intervals of 1 — 2 
hotirs. 

Table II. 



I 

II 

III 

Temperature 

ir C 

22° C 

22’ C 

ml water 

139 

86 

186 

per hour 

140 

45 

150 

136 


The duration of the experiments was in I 2.6, in II 2.7 and in III 2.6 hours. 

The large variation is no doubt due to the circumstance that 
the mussels have not been active all the time during the experi- 
ments. The highest figures must be nearest the true transport 
which is probably even a little higher. 

The experiments show that the transport of water is proportio- 
ally much larger in the young individuals than in the adults. 
Fox gives the transport as 10 ml for the largest and 40 ml for the 
smallest individuals. 



302 


C. C, BARKER J0BGBJ?SEN. 


I tave found it possible also to make a comparison "with, pelagic 
larvae of bivalves, having found in the literature as set of figures 
from "wlncb the necessary calculations can be made. It "was pub- 
lished by Bruce, Knught and Parke (1940). Bruce used the 
material to calculate the number of micro organisms taken up by 
veliger larvse of the oyster in a culture of flagellates of 3—5 
mikron. The -water was kept in steady motion so that the distri- 
bution both of larvae and of flagellates remained uniform. The 
results are seen from the table III, 


Table IIL 


t 

Date 

Nnmber of micro organisms 
per cnbic millimeter 

Experiment 

Control 

8. ang 

76 

78 

9. > 

56 

75 

10. > 

52 

76 

11. > 

32 

65 

12. » 

15 1 

72 


There were 10,000 larvae with an average length of 200 mikron 
in 16 1 of the flagellate suspension. The temperature was 20 — ^22° C. 
The average water transport for the whole of the experimental 
period expressed in cubic millimeter per larva per hour is 

(log 76 —log 15)-1.6-10'> _ 


This figure again can be absolute only if we assume that the 
flagellates are retained quantitatively. This is almost certainly 
the case by reason of their comparatively large size. 

When the water transport is calculated from the fall in con- 
centration from one day to the next we find rather variable figures 
(table IV). 

These varia-fcions are no doubt due to errors in the counts as exem- 
plified by the variations in the control figures. A rise in the water 
transport during the experimental period, as apparently indicated 
by the figures, is probable, because of the growth of the larv®. 
The flagellates used make excellent food for oyster larvm. 
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Table IT. 



"Water transport 
in mm® per larva 
per Lour 

8. — 9. nng 

20 

o 

1 

5 

10.— 11. . 

32 

11.— 12. > 

50 


Oyster larvce of 200 mikrons lengtli have approximately the 
same volume as a sphere of 180 milcrons diameter. The volume 
is then about 0.003 mm®. Supposing the specific gravity to be 
1.33, the weight per larva is 0.004 mg or 250,000 larvae will make 
up 1 g. This means that 1 g larvae will transport about 6.7 1 water 
per hour, which is about 35 times the quantity transported by 
young mussels and up to several hundred times the quantity 
transported by adults. It is possible, however, that the figures 
found by Fox are too small, as the large quantity of lime used 
in his experiments must mean a severe strain upon the transport- 
ing organs, the gills especially. 

But even if the true transport is larger than found by Fox, 
the order of magnitude will probably remain the same, and the 
large differences between veligcr larvae, young bottom stages 
and adults will remain. The water transport per g weight for the 
different weight groups is given in table V. 


Table Y. 


Weight of the 
mnssel in g. 

Transport of water in 

1 per g and honr 

O.OOO 004 

6.7 

0.2 

0.19 

37 

O.04 

93 

O.03 

431 

O.oi 


In this investigation I have received valuable help from dr. 
A. Krogh (advice and critical revision of the paper) and from 
dr. P. Brandt ReHBERG (especially regarding the use of the 
electrophotometer). I ivish to express my most ’sincere thanks 
for this aid. 
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Summary. 

The water transport through the gills of yonng mussels (My- 
tilus edulis) has been calculated by means of photometric deter- 
minations of the percentage amount removed in unit time of the 
unicellular alga Synechococcus from a known quantity of a 
suspension of the algse. 

Having found in the literature a set of figures, from which 
the necessary calculations could be made, a comparison with 
pelagic larvse (oyster) has been possible. It has been found that 
1 g larvse will transport 6.7 1 water per hour, young bottom stages 
0.19 1 and adults 0.01 — 0.04 1 water per hour and per g. 
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Ultrafiltration is a useful method in the study of many bio- 
chemical problems the use of which, however, is restricted by 
the fact that it is a slow and cumbersome process calling for 
complicated apparatus, if the volumes dealt with exceed about 
20 ml and is very ineffective with smaller volumes. The intro- 
duction of centrifugation as a means of producing the necessary 
pressure (de Waard, 1918) was a great advantage, but the meth- 
od has not been used to any extent in research work. One reason 
for this is probably the difficulty in preparing the filtering tubes. 
These have usually been made by preparing porous clay tubes 
with various membrane forming materials. Toth (1927) tried 
tubes prepared both with collodion and with viscose cellophane 
and found both useful. Brinkman and Steintoorn (1936) work- 
ed with tubes the inside of which were covered with a layer of 
sodium sihcates (water glass) and Haahti with collodion im- 
pregnated tubes. The use of water glass coated tubes may be 
useful in some cases, especially as these tubes are very easy to 
prepare. The use is, however, restricted by the alcaline reaction 
of the coating which in many cases makes the use impossible. 
One disadvantage of the tubes impregnated with collodion is 
that they must necessarily be kept in a moist state in order to 
preserve their permeability. This involves that the first part of 
the ultrafiltrate formed is diluted by the water present in the 
pores of the clay tube which, when the volume of the filtrate is 
small, may introduce not inconsiderable errors. A great advan- 
20 — 424075. Acta phi / s . Seandinav . Vol . 5 . 
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tage of the collodion tubes is theii very large filtering capacity. 
The preparation of cellophane coated tubes by the viscose pro- 
cess is too difficult to be of much value in ordinary laboratory 
work. The use of cellophane membranes would, however, as in 
the case of colloid osmotic pressure, be a great advantage, as 
such membranes can be kept dry till the moment when they have 
to be used, so that no dilution of the ultrafiltrate needs take 
place. It was consequently tried whether cellophane membranes 
prepared according to the cellulose acetate method could be 
used instead of the viscose cellophane, but this proved not to be 
the case as membranes of this type were practically impermeable 
to water. Thanks to the kind help of the director of the cello- 
phane factory “Kapcello”, civil engineer H. Havbik, who has 
spared no trouble in this matter, it became possible to try tubes 
of viscose cellophane and a technique for using factory prepared 
membranes was worked out. This technique has proved very 
valuable in the work of this and other laboratories and has been 
used in a number of studies of different character. 

The membranes have been used as pure cellophane tubes, not 
as cellophane prepared clay tubes. They are furnished in the 
moist state by the factory^ as cylindrical tubes 9 — 10 cm. long 
and with a diameter of IT mm. (Fig. 1, a), similar to the cello- 
phane capsules used to put over the glass stoppers of medicine 
and perfume bottles. A smaller size of the tubes having only a 
diameter of 13 mm. may also be used. In the laboratory they 
are kept in distilled water to which has been added some drops 
of tricresole. When a tube is wanted for use it is placed in run- 
ning tap water for a couple of hours or, what is more practical, 
the tubes which it is expected to use the next day are washed 
overnight. After that they are rinsed a few times with distilled 
water. The drying is carried out on a tinned iron cone (Fig. 1, b), 
the surface of which is moistened with a drop of paraffine oil, 
before the wet cellophane tube is drawn over it. The upper end 
of the cone has a grove of 1 mm. depth which serves to prevent 
a lengthwise contraction of the tube during the drying process. 
As further security against this a rubber band is placed around 
the tube at the upper end (Fig. 1, c). The drying may be carried 
out either at room temperature or in a heating box at a tem- 
perature of 60°. The progress of the drying may be followed 
visually; when the drying is complete the opacity disappears 

1 “Kapce)io'\ Alosevej, Copenhagen, which will send Bpccimens on request. 
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iOCyirc. 

Rg. 1.: 

a. wet cellophane tubes, b. drying cones, c. cone with tube ready for drying. 

and the tube takes on a clear cellophanelike appearance. If it is 
ivanted to dry a tube rapidly this may be done by placing it for 
some minutes in alcohol, drying it by clapping with filter paper, 
rinsing it with ethyl ether and then dr 3 dng it in the heating box. 
The dry tube is loosened from the cone by cautious turning move- 
ments of the hand. If it sticks too tightly to the cone it may 
be loosened by passing it rapidly once or twice through a steam 
jet, or by holding it over some steaming water. 

The tube is now very similar to a dry cellophane centrifuge 
tube (Kg. 2, a), and it may be kept in this state for a long time, 
if placed in a closed container with some moist filter paper. For 
use it is placed in a tubeformed slightly conical basket made of 
metal wire netting of such dimensions that it will just allow the 
dry cellophane tube to slip down into it, when it is pressed down 
by means of a blunt rod (Fig. 2, g). Our baskets have been made 
of nickel wire netting, having about 60 meshes pr. sq. cm., while 
the bottom and the seam, which is necessary on one side of the 
basket have been made from stainless steel. The finished basket 
has been tinned.^ During centrifugation the cellophane tube is 
pressed against the meshes of the netting and this is usually 

^ The metal parts used in the method may he had from the workshop of the 
Zoophysiological Laboratory, Copenhagen. 
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d. 


10&nt.. ■■ ■ ,._i 

Fig 2.: 

a. dry cellophane tubes, b. basket ■with tube. c. small size basket d. centri- 
fuge tube with, basket ready for centrifuging, e. stopper, f. . ebonite cylinders. 

g. glass rod. 

sxifficient to prevent the tube from collapsing even when it gets 
soft. It is best, however, to fasten the top of the tube to the basket 
by means of two paper clips, which are slid over the edges of 
the tube and the basket (Fig. 2, b). The cellophane tube is now 
filled with the material to be ultrafiltered and it is placed in an 
ordinary thickwalled 50 ml centrifuge tube, which is closed with 
a stopper into which has been cut a circular excavation (Fig. 2, 
e), fitting tightly over the top of the basket, which in this way 
is kept centered in the middle of the centrifuge tube (Fig. 2, d). 
The tubes are centrifuged in an ordinary centrifuge at a speed 
of 3,000 rev. pr. min. In the centrifuge used in this laboratory 
the fluid column in the cellophane tube has an average distance 
from the axis of 10 cm. and the height of the fluid column being 
about 8 cm. this corresponds to an average filtering pressure 
of more than 4 atmospheres. The filtering surface of the normal 
size of tubes is 40 — 45 sq. cm. and ultrafiltrate is rapidly formed. 
As the height of the fluid column decreases the filtering pressure 
is reduced and consequently the filtration rate is diminished. 
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This may be compensated for by filling in more fluid or if this 
is not available by filling up part of the cellophane tube by some 
inert material, whereby the height of the fluid is increased. For 
this we have used cylinders drilled from ebonite (Fig. 2, f) and 
having a diameter slightly smaller than the cellophane tubes. 
If the small size of cellophane tubes is not at hand, these ebonite 
cylinders may also be used to reduce the capacity of the larger 
tubes in cases where the volume of fluid available for ultrafiltra- 
tion is but small. The large size tubes hold about 15 ml., while 
the smaller hold but 6 ml. Tubes with varying contents of cellu- 
lose have been tried, the content being varied by the factory 
through dilution of the viscose mother solution. Most of the 
experiments have been carried out noth tubes prepared from 
8 % solution which is the standard solution of the factory. The 
tubes prepared with this content are, however, rather imper- 
meable and can only be used in cases where high speed is not 
essential. The filtering rate of 8 % tubes is from 1 to 4 ml. pr. 
hour, the variation partly being due to the varying thickness of 
the tube wall, partly to variations in the drying process. Tubes 
of 6 % viscose give 2 — 5 ml. pr. hour, those from 5.5 % 3 — 6 ml. 
and those from 5 % 5 to 10 ml. pr. hour. 

The tubes made from 8 and 6 % solutions have been absolutely 
impermeable to protein when tested against egg vrhite and se- 
rum, while those from 5.5 % and especially those from 5 % are 
not absolutely so though they let through only traces of protein. 
The permeability towards crystalloids has been tested amongst 
others with glucose and saccharose solutions. The filtrate formed 
from the 8 % tubes contain 97 — ^99 % of the glucose present in 
the mother solution and 90 — ^96 % of the saccharose, while the 
5 % tubes let through 100 % of the glucose and more than 98 % 
of the saccharose. This shows that especially the 8 % tubes are 
so impermeable that regard must be paid to this if the problem 
studied calls for an exact determination of the filterable part of 
a substance. If this is the problem it is best solved either by 
using the most permeable tubes or by a combination of ultra- 
filtration and dialysis, performed by letting the ultrafiltrate 
formed during the centrifugation stay in the centrifuge tube in 
contact with the cellophane tube for some hours, during which 
time complete equilibration between ultrafiltrate and inner fluid 
results. If a very high colloid concentration has been obtained 
in the inner fluid this may, however, under these circumstances 
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lead to a reabsorption of some of the filtrate. If this is the case 
the best result is probabl 7 obtained by centrifuging at a lower 
speed, so that equilibration takes place during the centrifuga- 
tion. IVhen prolonged centrifugation is necessary, it may produce 
an unwanted heating of the fluid. This is best counteracted by 
the use of a special centrifuge. A centrifuge, which may be kept 
at zero degrees, has been in use in this laboratory for some time. 

Many problems which do not call for a quantitative separation 
of the two phases, but where a qualitative separation suffices 
may be best solved by means of the most impermeable tubes. 
Problems which usually are solved by means of ^alysis may with 
advantage be tackled by this method. A colloid solution may for 
instance be freed much more rapidly from a crystalloid compo- 
nent by the use of these tubes than by simple dialysis. In this 
case the centrifugation is prolonged until but small amounts of 
the inner fluid are left, when the tube is filled up with some suit- 
able dilution fluid and the centrifugation is renewed; eventually 
this process is repeated several times. Very high concentrations 
of the colloid component of a fluid may be reached in the inner 
fluid, where it is finally found as a concentrated layer on the 
bottom of the cellophane tube. This like other centrifugation 
ultrafiltration methods, shows the great advantage over the suc- 
tion or pressure filtration methods that no clogging of the pores 
of the membrane occurs, as the concentrated material slides 
down the walls and collects at the bottom. Various examples of 
the use of this method, which may be used also with collodion 
tubes, will be published from this laboratory in the near future. 

Sammary. 

A centrifugation method for ultrafiltration is described. The 
essential point of this is the use of factory made cellophane tubes, 
which when wet become permeable for crystalloids. They are 
used in conjunction with a basket of metal wire netting. The 
filtration rate and permeability varies with the cellulose content 
of the membrane. 
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I. Introduction. 

1. The Problem. 

In his book “The mechanism of nervous action” (1932) E. D. 
Adrian vrites: 

“We can say if we like that with all sense organs the frequency 
is determined by the intensity of excitation, though this is merely 
defining what we mean by intensity of excitation. But the sti- 
mulus, the mechanical change inflicted on the sense organ, is 
alioays discounted more or less rapidly by the adaptation which it 
produces, and the time factor is quite as important as the intensity 
factor even with the organs which adapt very sloivly."^ 

This was the starting point of the present investigation, which 
is an enquiry into the role that adaptation might play in reflec- 
tory homeostasis of bodily levels. 

The multitude of levels maintained with considerable con- 
stancy in the higher organisms presumably requires a multitude 
of automatic regulating arrangements. In fact, as Cannon (1929) 
points out, it is reasonable to look for a special regulator as soon 
as a level seems to be rather constant. These regulators presum- 
ably could act according to various principles, utilizing over- 
flow mechanisms, chemical equilibria etc. There are good reasons 


* Italics by present author. 
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to suppose, however, that some of them are arranged as reflex 
mechanisms beginning with a sense organ directly or indirectly 
stimulated by the level to be controlled. The question now is 
what would happen if such a sensory ending showed adaptation 
to its stimulus. 

Eeflectoiy regulation must always function according to one 
fundamental principle, viz. that decrease of receptor stimulation 
changes the level in the more stimulating direction. Thus, e. g. 
adaptation of the thermoreceptors presumably controlling our 
body temperature would lead to slowly rising temperature if 
they were heat receptors and slowly decreasing temperature if 
they were cold receptors. (If both lands of receptors were en- 
gaged, the direction of drift would be determined by their re- 
lative adaptation rates.) If blood pressure were controlled by 
baroceptors in the carotid sinus and elsewhere, adaptation of 
these would cause a drift of blood pressure towards higher le- 
vels, etc., etc. 

How, nothing is known of a temperature drift with age. There 
is, however, an increase of blood pressure with age even if it is 
an open question if this is a really physiological phenomenon. 
Anyhow, constancy of these levels is incompatible with adapta- 
tion in the controlling receptors. Either, the receptors do adapt 
but are not really determim'ng the regulated level; (they might 
act only as shock absorbers, trying to readjust the level to which- 
ever value it has possessed a long enough time — a possibility 
suggested for the carotid sinus by Gammon 1936); or, they do 
adapt very slowly and this is one of the causes of the blood pres- 
sure rise ■with age; or, the receptors do not adapt indefinitely 
but keep up a discharge proportionately to the controlled level 
for an unlimited time. The present work, which was started in 
1938, is an attempt to study these possibilities for the special 
case of blood pressure. Ideas very similar to those expressed 
above have been put forv'ard by Thauer (1939) in a review on 
the thermoregulation of the body, but no decision is arrived at 
or even attempted. 

2. Previous Work on the Carotid Sinus Baroceptors 
bearing on Our Problem. 

The case of blood pressure is a special one insofar as the sti- 
mulus is pulsatile. Thus, even if the end organs did show complete 
adaptation to the mean blood pressure, the pulse synchronous 
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flow of depressor impulses from the receptors might go on. Thus, 
we cannot deduce the non-existence of adaptation from experi- 
ments (e. g. Heymans and Bouckaert 1939) showing perma- 
nent rise of blood pressure after denervation of the carotid si- 
nuses and aortic region nor draw the opposite conclusion from 
experiments with opposite results (e. g. Goldblatt, Kahn, Bay- 
less and Simon 1940 and many others). 

Nor is it possible to draw any definite conclusions from the 
fact that compression of the carotids in dogs with renal hyper- 
tension sometimes gives much the same blood pressure response 
as in normal cases O^erney and Vogt 1938) or an augmented 
response (Bouckaert, Elaut and Heymans 1937). The same 
is true of similar experiments on man (Mandelstamm and Lif- 
SCHITZ 1932, Gammon 1936 and many others). Obviously, the 
blood pressure response to carotid compression may depend upon 
many other factors than the actual flow of impulses from the 
sinus and these factors certainly might be different in normals 
and hypertensives. 

Some information could be obtained from experiments with 
isolated carotid sinus preparations. If adaptation were relatively 
rapid, the blood pressure response to a steady pressure in the 
isolated sinus would decrease with time. In fact, this has been 
noted and ascribed to either adaptation or deterioration by 
Koch (1931). There remains, however, the possibility that this 
escape of the blood pressure from depression is an escape of the 
sympathetic centers from inhibition (Bronk 1933 — 34). Strauss 
(1940) reports that it is less if pulsatile instead of continuous 
pressure is used, a finding which he ascribed to slower deterio- 
ration with pulsatile pressure. In unpublished experiments the 
author (1938) sometimes observed no signs of adaptation to 
steady pressure in the isolated carotid sinus during as long as 
45 minutes. In these experiments not the blood pressure level 
as such was used as index for the impulse flow from the sinus, 
but the rise of blood pressure on sudden removal of the intra- 
sinusoidal pressure. This has the advantage that changes in the 
general circulation of the animal, for instance a progressive rise 
or drop of blood pressure are not mistaken for changes in the 
impulse discharge from the preparation. The blood pressure re- 
sponse to sudden pressure drop in the isolated sinus is fully de- 
veloped in less than 1 minute, during which short interval there 
is little chance for spontaneous blood pressure changes to occur. 
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The experiments showed that the blood pressure response may 
be the same on removal of a steady pressure after 45 seconds and 
after up to 45 m i n utes. This, of coxirse, is true only in that mi- 
nority of cases where the preparation is rmdamaged after so 
long a time. In fact, the viability of the preparation sets so nar- 
row limits to the period of observation that only relatively rapid 
adaptation (from our point of view) would be possible to detect 
in such experiments. The same limitation must to a stiU higher 
degree hamper attempts to solve the problem by observation 
of the impulse response from single isolated end organs (Beoxk 
and Stella 1934 — 35). In the summary these authors write: 
“The discharge continues indefinitely at a' frequency but slightly 
less than the initial maximum value. Thus these receptors are 
of a type that adapts but little.” 

In another paper Broke (1934) writes: “It is interesting to 
observe — and important for the purposes of our discussion — 
that there are marked differences in the rate and in the degree 
of adaptation of different types of sense organs. Thus muscle 

spindles tension receptors in the root of the lungs — 

pressure receptors in the arteries and pain recep- 
tors in the cornea adapt relatively little and do that 

slowly , a rapidly adapting pressure receptor in 

the wall of the carotid sinus would not faithfully signal the level 
of blood pressure, A slowly adapting sense organ is needed for 
following the variations in intensity of a long-lasting stimulus.” 

It is not always clear, however, for how long the authors have 
followed the discharge. The longest observation period mention- 
ed or illustrated by Broke and Stella (1934 — ^35) is only 8 
seconds. According to a personal communication quoted by 
Gammok (1936) Broke has seen a maintained discharge for 
periods of several minutes. It is obvious, however, that with 
this technique observation periods of more than at most a few 
hours would be impossible. 

Summarizing the existing evidence: it is shown by Broke 
and Stella (1934—35) that the baroceptors show some initial 
adaptation. Other experiments have demonstrated that the 
latter course of adaptation, if existent, is so slow that it caimot 
be detected in experiments covering only minutes or hours. In 
the experiments described below an attempt has therefore been 
made to give adaptation more time to develop, in fact, many 
hundreds to thousands of hours. , 
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n. Methods. 

1. Main Principles. 

The main principle of the experiment consists in a comparison 
of the impulse discharge from the baroceptor endings in normal 
and chronically hypertensive animals at the same blood 'pressure. 
Comparison at the same blood pressure is essential for the follow- 
ing reason; Assume for an instant that some adaptation, how- 
ever incomplete, takes place in the hypertensive animals. At 
their raised blood pressure they will then still have more impulses 
in the depressor nerves than normal animals at their normal 
pressure. As we do not know the law according to which the im- 
pulse number depends on the mean pressure we cannot tell if 
that number is raised proportionately or not in the hypertensive 
cases. If, on the other hand, all blood pressures are reduced to a 
common standard level at the moment of comparison, any adap- 
tation in the hypertensive cases will reveal itself as too low an 
impulse frequency. 

The intensity of discharge of the baroceptor endings might 
conceivably be judged either by the impulse frequency in isolat- 
ed single fibers or by the total impulse discharge in a group of 
fibers. Obviously, in the case of single fibers, random samphng 
effects concerning threshold, viability etc. would play a major 
role. Therefore, it was decided to try to evaluate the whole nerve 
discharge. This would seem to be rational also from other points 
of view. According to Bishop, Heinbeokeb and O’Leary (1934) 
“in responses to stimulations of the depressor nerve of the rabbit 
in preparations uncomplicated by the presence of pressor effects, 
the curves of action potential area against stimulus strength 
and of per cent depression of blood pressure against stimulus 
strength, recorded coincidentally, have a similar form”. Thus, 
there would seem to exist at least a rough parallel between the 
total discharge of impulses and the vasomotor effect, and as we 
wish to study the impulses as possible causes of vasomotor effect 
it seems rational to use the action potential of the whole nerve 
as an index of activity. 

2. Choice of Experimental Animal. 

Clearly, very great technical difficulties would meet an attempt to 
use the carotid sinus baroceptors in the present study, once it has 
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been decided to use the action potential of the whole nerve. As using 
a large series of dogs would have been out of the question for economic 
reasons, small laboratory animals had to be used. Here, the difficulties 
in preparing the sinus nerve in such a manner as to be sure not to 
have damaged it, even slightly, seemed prohibitive. Fortunately, the 
rabbit cardio-aortic depressor nerve lends itself ideally to our pur- 
pose. As it runs isolated from the vagus it is relatively easily dissected 
for a long enough stretch. 


3. Production and Control of Hypertension. 

Systolic blood pressure was measured in the central artery of the 
ear by a modification of the method of Moebs and Scheienz (1939). 
By using a transparent plastic for the apparatus its construction can 
be much simplified. 

As is well known, measurements in this artery are very dependent 
upon the temperature of the animal, only animals kept well warm 
ha\nng dilated ear arteries. As waiting for spontaneous dilatation in 
some 25 — 50 animals can take much time and denervmtion of the ear 
has no lasting effect the ears to be used were vigorously rubbed with 
xylol half a minute before the measurements. This treatment effects 
a maximal dilatation of the artery and very considerably reduces 
the time and labour nece.ssary for controlling the blood pressure. When 
frequent blood pressure estimates are made, most of the rabbits event- 
ually become so used to the procedure that no resting period is ne- 
cessary before the measurement. 

Hypertension was produced by a combination of Page’s cellophane 
perinephritis (1939) and contralateral nephrectomy. Babbits of a 
highl)^ inbred strain and of approximately the same age were used. 
At a weight of about 1,200 gra. the rabbits were operated on for the 
first time and a cellophane capsule applied around the left kidney. 
Autoptic controls showed that, cellophane loosely wrapped around the 
kidney as recommended by Page (1939) did not regularly produce 
tightfitting scar tissue capsules, but was often broken up, leaving 
most of the kidney free. Therefore, small cellophane pouches were 
tied around the kidney, care being taken not to compress the hilus. 
Stay sutures were not usually made and no harm was seen to result 
from this omission. 

After about three weeks a very moderate blood pressure rise oc- 
curred, which showed, however, a tendency to disappear. Therefore 
about one month after the first operation the right kidney was re- 
moved. Immediately after this the blood pressure used to increase 
some 30 mm. and to remain at this level. Fig. 1 shows a typical ex- 
ample of the .systolic blood pressure response to the operations. In 
this case, which died from an intercurrent intestinal infection, an 
unusually large number of blood pressure determinations were made 
in order to bring out clearly the steps in the blood pressure curv'e. 

Probably the mechanism behind the rapid blood pressure rise after 
the second operation is the same as in the experiments of Gbeex- 
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Fig. 1. 

Development of Iiypertension. 

Ordinate: Systolic blood pressure in central ear artery. Large dots: before 
operation. Small dots: after encapsulation of left kidney. Circles: after removal 
of right kidney. All blood pressure values are the mean of at least three deter- 
minations in immediate succession. 

WOOD, Nasset and Taylor (1939) using a collodion cast around one 
kidney and exstirpating the other. The authors believe it to be pre- 
vention of hypertrophy. It would seem more probable, however, in 
view of the rapidity of the blood pressure rise, that the encapsuled 
kidney is compressed because it must accomodate more blood when 
doing the work of two. 

4. Becording of Action Potentials. 

Action currents in the cardio-aortic nerves were recorded diphasi- 
cally with silver — silverchloride electrodes 6 mm. apart leading to a 
Toennies differential amplifier, followed by two straight resistance — 
capacity coupled stages and a cathode ray oscillograph. The recording 
camera paper speed was about 50 cm./sec. It was frequently controlled 
by introduction of 50 c. p. s. voltage in the circuit and did not vary 
appreciably. A power amplifier with loudspeaker branched off before 
the cathode ray driving stage. 
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S. Stabilization of Blood Pressure, 

The arrangement for stabilization of blood pressure is inustrated in 
tig. 2. 

Oxygen bom a bomb passes along the overflow arrangement 0 to 
the Tpide-area reservoir R filled with O.ooz % heparin in RmoEES 



Kg. 2. 

Arrangement for main experiment, 

A amplifier, B 37® C water bath, O common carotid arteries, OR cathode ray 
oscillograph, 2^ cardio-aortic nerves, 0 orerfloir for gas pressure stabilization, 
R reservoir, T blood trap. 

solution. The reservoir is connected with a blood trap T leading to a 
hot-water bath B. From B a rubber tubing goes to a mercury mano- 
meter and the carotid cannula. This rubber tubing may be compressed 
near the manometer branch so as to reduce the arrangement to a 
conventional blood pressure set up. The overflow arrangement can be 
set to two predetermined pressure levels in the artery cannula, in 
our experiments 58 and 98 mm. Hg. All glass surfaces which come 
into contact with blood are covered with a film of ferric stearate. 
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8. Course of Complete Experiment. 

Tie course of a complete experiment was as follows. Tie rabbit — 
normal or hypertensive — had blood pressure readings taken tie last 
5 days. It was narcotized with 1.5g/kg urethane intravenously. Tie 
preparation was made with tie utmost care and always performed 
in the same manner: after median incision through the praelaryngeal 
muscles and tracheotomy, a silk is tied around tie superior laryngeal 
nerve and by slight traction with the sUk tie angle between tie su- 
perior laryngeal nerve and the vagus is exposed. Here the cardio- 
aortic nerve originates, usually with one root from each of the angle 
forming nerves but sometimes from only one of them. In a few cases 
the nerve left the vagus some 5 mm. below the angle. Sometimes a 
free cardio-aortic nerve was lacking altogether on one side. A fine silk 
strand is tied as a handle around tie suspected nerve and this is cut 
above the knot. Then, to prevent accidental haemorrhage, the large 
thyroid artery is tied and divided, care being taken not to tie it too 
close to the carotid but preferably some 3 mm. distally. After this is 
done, the whole operating field is filled with plenty of lukewarm Ringer 
and hah a minute let pass. The connective tissue swells enormously 
in the Ringer, in fact it is almost solved. Even rather tough fascia 
becomes a jelly with the consistence of warm butter and it is easy 
to free the fine nerve from most of the overlying fascia without any 
violence. A somewhat dangerous point' is where the nerve passes below 
the thyroid artery. In the angle between the carotid and that branch 
there is usually some fat and the connective tissue aroimd it seems 
not to be reduced to jelly as easily as elsewhere. If the ligature around 
the thyroid is made too near the carotid, the nerve may be drawn into 
the knot or at least maltreated by traction in adjacent connective 
tissue. Here and elsewhere the nerve is finally cut free for some 30 
mm. with fine scissors and placed curled up in a safe, moist and warm 
comer of the operating field. It is wise to place the nerve on one of 
the electrodes as soon as some 5 mm. are dissected free in order to 
control by the loudspeaker that the correct nerve is under work. 

When both nerves are dissected free the blood pressure caimula is 
introduced in the right carotid after heparinization with 5 mg. heparin/ 
kg. Care is taken not to exert any traction on the distal or central 
part of the vessel. The stabilizing arrangement remains excluded and 
a reading of bloody blood pressure is taken. This will be higher than 
in the intact animal because of exclusion of the cardio-aortics and 
one carotid sinus, but it still bears a relation to the unbloody mean 
pressure determined before the experiment. (Fig. 3.) After the reading 
is taken, the left carotid is ligated leaving the animal almost without 
moderator reflexes. (A slight reflux via the vertebral arteries may 
reach the carotid sinuses but is without practical importance as are 
the reflexes from baroceptors in other regions.) Then the tubing to 
the blood pressure stabilizer, set at 98 mm. Hg, is released. Usually 
some blood leaves the circulation and within a few minutes the mean 
blood pressure has settled around 98 mm. This is controlled by com- 
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Fig, 3. 


Relation between previous average systolic blood pressure measured in the 
ear artery (ordinate) and mean blood pressure measured in the carotid -(vith both 
depressor nerves and one carotid sinus excluded. Dots: hypertensives. Circles: 
normals. 

pressing the tubing to the stabilizer, thereby reducing the arrangement 
to a conventional blood pressure experiment. When the control com- 
pression shows that the blood pressure fluctuates around the correct 
value, one nerve is placed on the electrodes, the tubing compressed 
and the camera started for about one second. The actual blood pres- 
sure value at the moment of recording is noted. If it departs more 
than 2 mm. Hg from the standard value a new run is made. For sa- 
fety, two runs are made at a few seconds interval, with new stabi- 
lization but without changing the position of the nerve on the electro- 
des. (Only one of the records is used, however.) The nerve is then 
placed in its moist corner and the contralateral nerve used in the same 
manner. Afterwards, the gas pressure in the stabilizer is reduced by 
opening the shorter path and the blood pressure allowed to settle at 
58 mm. After two records have been taken at this pressure with each 
nen'e, the blood pressure is raised again to 98 mm. and two new re- 
cords made from each nerve. Then, the animal is bled to death, the 
heart freed from appendages, dried with blotting paper and weighed. 
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7. Evaluation of Records, 

The cardio-aortic nerve in the rabbit seems to convey baroceptor 
impulses in two main groups of fibers giving large and small pulse-syn- 
chronous spikes respectively. In this it resembles the sinus nerve of 
the cat (Euler, Liljestrand and Zotterman 1941). The chemocep- 
tor impulses from the aortic body obviously travel in a third group 
of very fine cabber, the spikes of which are not visible in records from 
the whole nerve. This was checked partly by attempts to discover 
small diastolic spikes at low blood pressures, which was always futile, 
partly by comparing records at constant blood pressure with and 
without hyperventilation with oxygen. There was never any differ- 



Fig. 4. 

Records from the same depressor nerve at 58 (above) and 98 mm. Hg mean 
blood pressure. To be read from left to right. Scale 1:1. Paper speed 50 cm/sec. 


ence between the records. Thus, it is not necessary to attempt a se- 
paration between chemoceptor and baroceptor impulses, the main 
visible discharge being baroceptor. Eor reference to pressor fibres in 
the depressor nerves (O’Leary, Heinbecker and Bishop 1934) see 
below. 

In a first attempt at evaluation, two observers independently count- 
ed everything in the records that resembled a spike. The part of a 
record counted always began with the start of the first complete sy- 
stole and ended with the end of the last complete diastole. The results 
of the two counters occasionally differed a good deal but in the mean 
proved nearly identical and surprising: The impulse frequencies were 
the same at blood pressures of 58 and 98 mm. The reason for this is 
clear from a look at fig. 4, showing a record at 58 and one at 98 mm. 
blood pressure from the same nerve. With rising pressure, there ap- 
pears a rising number of large spikes which mask the small spikes, 
making them impossible to discern and count. This masking action 
is so disturbing that we reluctantly had to give up the idea of count- 
ing all spikes and had to confine the counting to the large impulses. 
It is true that, as Euler, Liljestrand and Zotterman (1941) point 
out, the small spikes may be as important from the reflex point of 

21 — J24075. Acta pliys. Scandhiav. Vol. 5. 
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view as the large ones. There however some justification for our 
procedure too. The paper by Bishop, Heinbeckee and OTjEaby 
(1934:) already quoted shows that the total action current ar^, which, 
to judge from our records, usually would be a function mainly of the 
frequency of large spikes, goes parallel with the vasomotor effect. 

The authors write; “ the effect per impulse varied as the action 

potential area per stimulus for ‘fibers of different size. If area of po- 
tential varies as cross-sectional area of fibers, then the central effect 
per fiber varies as fiber mass.” 

After we had decided only to count the large spikes, a hew diffi- 
culty arose, namely: which spikes were to be counted as large? The 
amplitude of a spike is a ftmction of the fiber diameter and the dia- 
meter of the nerve with sheat and fluid layer. This latter diameter 
is different in different nerves. Thus, even with constant amplifica- 
tion, it would be impossible to delimit the large spikes only from their 
absolute magnitude. It is always necessary to define them by compa- 
rison with small spikes, fortunately, the groups differ so much that 
it is usually easy to distinguish between members if the record is not 
too dense. At the end of systole, this usually is the case and the sepa- 
ration always started here. Not all records, however, did show marked 
diastolic frequency minima, feeling that this might depend on spon- 
taneous activity from injuried fibers, we discarded all records from 
a nerve with one such record. This also should eliminate nerves with 
many pressor fibers (O’Leary, Heinbeceeb and Bishop 1934) as 
there is no reason to believe that these fibers are activated only during 
systole. 

Some of the spikes counted as “large” might be synchronized “small” 
ones. As this, however, depends upon chance, it will happen with 
equal frequency in both groups of animals if the spike densities are 
equal and thus it does not matter from our point of view. 

for the final treatment, records of all kinds were mixed and the 
counter instructed to look upon each record as ah isolated problem, 
determining the limit for large impulse magnitude for each, without 
reference to the other records from the same nerve. Of course, the 
records were not marked in such a way as to show which kind they 
belonged to. In the large pool of records there were two from each 
nerve obtained at 98 mm. Hg, one of them from the beginning and 
one from the end of the e^eriment. Thus, placing of the nerve on 
the electrodes and equilibration of the blood pressure were indepem 
dently remade for the second of them. As the r^ords were counted 
quite independently, their difference could be used for a. calculation 
of the random error of the whole method. Analogously, by counting 
a series of records twice, the random error of the counting proc^ 
was determined (cf. below, p. 17). The main systematic error is 
ably caused by the mutual mas^g of densely grouped spikes. Thus, 
certainly, all values are too low and this the more the higher they are. 
There is no reason to believe, however, that this error aff^ts normal 
and hypertensive animals differently and thus it is of small importance 
for the present investigation- 
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m. Material. 

Allowing for mortaKty and subsequent losses from various 
reasons, only some 30 % of the about 100 animals present from 
the start could be used. The number of normal controls was 16 
with 31 usable depressor nerves, the number of hypertensives 
was 19 with 34 usable nerves. The mean weight of the normal 
group was 2.26 kg., that of the hypertensive group 2.22 kg. The 
mean systolic blood pressure during the whole control period 
was 78 mm. Hg for the normals, while mean systolic blood pres- 
sure during the last week before the main experiment was- 118 
for the hypertensives. The distribution of the blood pressures 
can be seen in fig. 5. The duration of hypertension calculated 
from the date of the second operation was 57 — 9S days, with 
the median at 78 and the mean at 77. In addition, two animals 
with hypertension lasting 253 and 335 days were used. They 
were survivors from a large series which perished from intestinal 
infection a short time after the second operation. The effect of 
the hypertension may be judged from the resulting hypertrophy 
of the hearts. The heart weights in grams per kg. body were 2.2 
in the normals and 2.6 in the hypertensives, the corresponding 
mean absolute heart weights 5.0 and 5.8 grams. (Unfortunately 
about 50 % of the hearts were not weighed.) 

IV. Results. 

1. The Main. Besolt. 

After these lengthy preliminaries, the main result can be con- 
cisely expressed: No longtime adaptation was discernible. Table 
I and fig. 5 a and b bring this out clearly. They show the relation 
between previous mean systolic blood pressure and impulse fre- 
quency (large spikes/millisecond) at constant mean blood pres- 
sure. Circles refer to nerves from normal animals, dots to hyper- 
tensives. Numerically, the results are summarized in table I. 
The figures show that previous long time blood pressure level 
has no detectable influence on the impulse frequency. 

It is extremely improbable that the result can be explained 
by other assumptions, which will, however, now be discussed. 

The hypertensive animals lost more blood to the stabilizer 
than did the controls. As they could hardly have a higher blood 



E'siation bet^teen impulse freqneacy and previous average systolic bloofi 
pressure. Ordinater imptilse freqneacy in large spikes/miliisecond. Absdssaec 
previous average systolic blood pressare. Dots: byportessives. Circles: nonnais. 

5 a: Blood pressare stabilized at -oS mm. Hg, each jsomt one determination. 

.5 b; Blood pressure stabilized at 93 mm. Eg, each point the mean of tvno in- 
dependent detfirminations. 

volume to start witli their vessels must have been more con- 
tracted during the experiment than those of the controls. Thus, 
dii^erences in the form of the central poke xesponsihle for the 
discharge from the cardio-aortic baroceptors cannot he exclud- 
ed. On the other hand, the connection vrith the manometer is 
equal in normal and hvpertenave cases and should tend to equa- 




SEl^SORT IMPULSES IN THE CARDIAC DEPRESSOR NERVES. 325 

lize conditions. Moreover, tlie pulse form has no or at least no 
great influence on the blood pressure reflex and therefore pre- 
sumably not on the mean impulse frequency. As Barany (1942) 
has shown, superposition of even rather violent sinusoidal pul- 
sations upon a steady mean pressure in the isolated carotid sinus 
has no influence on the blood pressure. The experiments of 
Strauss (1940) show a slight influence of nonsinusoidal pulses, 
but his experimental conditions are open to criticism (Barany, 
loc. cit.). Anyhow, changes in the pulse form would mainly change 
the distribution of the impulses during the heart cycle and, ob- 
\'iously, such redistribution has no important influence, the cen- 
ters exerting a land of fly-wheel action. Strauss did not find 
any influence of pulse frequency on the blood pressure reflex. 
Thus, the very slight and statistically insignificant differences 
in rapidity of heart beat between normal and hypertensive ani- 
mals (Table 1) can be of no importance. 

Table I. 



Normals 

Hypertensives 

f 

i Piflerence 


(1) 

(2) 

(l)-(2) 

Large spikcs/millisec. 
at 58 nim Hg 

0.055 ± O.007 

O.061 + 0.007 

0.004 ± O.OlO 

at 98 mm Hg 

0.103 ± 0.006 

0.097 + 0.006 

0.006 -i- 0.009 

Duration of cardiac cycle in 
millisec. 

at 58 mm Hg 

253 ± 5 

263 + 5 

- 10 -f 7 

at 98 mm Hg 

250 + 5 

262 ±5 

-12 + 7 


Having excluded the possibility of physical differences between 
normals and hypertensives being of importance, we have to 
consider possible chemical differences. One obvious chemical dif- 
ference is the occurrence in one group of the renal products re- 
sponsible for the hypertension. It is hard to believe, however, 
that these substances could act so as to mask an adaptation. 
They would then have to increase the impulse discharge from 
the baroceptors, thereby depressing the blood pressure. More- 
over, the baroceptors seem to be very insensitive to changes in 
their chemical environment. This was shown for Oo and COj by 
Bronk and Stella (1934 — 35) and for synaptotropic substances 
by Euler, Liljestrand and Zotterman (1941). In unpublished 
experiments, the author could detect no difference in the blood 
pressure reflex from the isolated carotid sinus when the calcium 
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content of the perfusion fluid was halved or doubled. Thus, dif- 
ferences in the chemical milieu can hardly be believed to mask 
adaptation. 

There further remains the remote possibility that the recent 
excitation history of the baroceptors could blot , out the effects 
of previous stimulation so as to equalize the discharge from end 
organs with normal and hypertensive history. Adaptation is a 
change of threshold. Equality in response to the same stimulus 
despite differences in previous stimulation could be an indica- 
tion either of extremely slow or lacking adaptation as we have 
previously assumed. But it might also be caused by an adapta- 
tion proceeding so rapidly that the threshold of the receptors 
returns to normal in the preparatory stage of blood pressure 
equalization. Now, all previous experience quoted above indi- 
cates that adaptation of the depressor baroceptors is slow. An 
independent proof is given by the fact that the impulse frequency 
at 98 mm. is approximately the same in the records taken before 
blood pressure reduction to 58 mm. and immediately after cessa- 
tion of that reduction. In fact, the impulse frequencies before 
and after that reduction were for the normals 0.099 ± 0.007 
and 0.107 ± 0.007 large spikes/millisecond and for the hyper- 
tensives 0.105 0.009 and 0.089 i 0.007. The differences are 

obviously insignificant and moreover of different sign. Thus, it 
can be accepted as certain that the immediately previous history 
of stimulation has no influence on the impulse frequency and 
that the experiments prove that even very long stimulation has 
no such influence, that adaptation is absent or extremely slow. 

2. The Correlation between Bight and Left Nerves and 
the Question of the Statistical Unit. 

As most of the animals participated with 2 nerves in the ma- 
terial, the question arose if animals or nerves were to be counted 
as statistical units. The answer depends upon the degree of cor- 
relation between impulse frequency in the right and left nerve. 

Eig. 6 a and 6 shows the correlation between impulse frequen- 
cies in right and left nerves at the same hlood 'pressure for all ani- 
mals, which eliminates , an important factor tending to ^ve posi- 
tive correlation, viz. the identical blood pressure for both nerves. 
The diagram shows that there can be no question of a strong 
correlation and in fact the Beavais-Peabson coefficient turns 
out to be less than 0,1. Thus, it is permissible to treat the single 
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Fig. 6. 


Relation between impulse frequencies in right and left nerve. 

Ordinata:: impulse frequency in large. spikes/millisecond in left nerve. 

Abscissa: same in right nerve. Dote: hypertensives. Circles: normals. 

6 a: Blood pressure stabilized at 58 mm. Hg, each point one determination 
6 b: Blood pressure stabilized at 98 mm. Hg each point the mean of two inde- 
pendent determinations. 


nerve as the statistical unit, as has been done in the preceding 
section. 

3. The Importance of Bandom Errors versus Interindividual 

Variability. 

In order to be able to judge the results, it is necessary to have an 
idea of the causes of the large scatter characterizing the material. 
This scatter will be caused partly by the random errors of the record- 
ing and counting methods and partly .by real interindividual variabi- 
lity. Both may be expressed in the forms of standard errors. The stan- 
dard error of the method is obtained from the above mentioned series 
of pairs of records at 98 mm. Hg, recorded and counted independently 
(p. 12). There are 64 such pairs and when treated according to Dahl- 
berg’s method (1940) they give a value for the standard error of the 
whole method for one single cotmted record of om ~ %• -A-nalog- 

ously, the error of the counting method as calculated from the series 
counted twice becomes 13 %. The interindividual variability ui is 
obtained from the methodical variability Oji and the total variability 
Ut according to the formula 

O'! = Vut — 

(Tx is 43 % as obtained from all normal and hjrpertensive records 
at 98 mm., the calculation being performed for each group separately 
and the weighted mean of the results taken. 

This makes the interindividual variability oi = 25 %. 
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Obviously, the error of the method for a single determination is 
rather large, being larger than the interindividual variability. There- 
fore, -vrhen possible, the mean -was taken between the two counted 
records from the same nerve at the same pressure. This reduced the 
error of method to the same magnitude as the interindividual varia- 
bility, namely to 25 %. Thus in fig. 5 6, the scatter depends equally 
on methodical imperfections and real interindividual variability and 
even with an ideal method the width of the band would be more than 
70 % of that obtained now. There would still be no significant differ- 
ence between normals and hypertensives. 


T. Biscussion. 

1. Significance of a Negative Eesult. 

It is a deplorable fact that the non-existence of an effect can- 
not be rigidly proved even by statistical methods. Thus, the 
present investigation only shows that the decrease of impulse 
frequency at a normal blood pressure caused by adaptation to a 
blood pressure some 50 % above normal, if really existent, is 
small in comparison with the interindi\ridual variability, being 
6 % ± 9 %. The following discussion is based on the very prob- 
able assumption that this difference is caused merely by chance 
and that, consequently, no long time adaptation is present. It 
is however possible that a very slow adaptation takes place. 
This might be the cause of the c:a 2 mm. Hg per annum rise in 
blood pressure observed in man. 


2. Significance of the Small Spikes in the Depressor 

Discharge. 

With the reservation made above, our results may be said to 
show that the large cardio-aortic fibers carry afferent impulses 
giving a faithful record of the mean blood pressure. We have 
no means to decide if the same is true of the small fibers. If their 
endings behave in the same manner as those of the large fibers, 
their importance might equal or exceed that of the latter, as 
proposed by Euler, Liljesxraxd and Zotxep.man {1941). If, 
on the other hand, their endings behave differently, not giving 
a true record of the blood pressure, the centers will have to dis- 
criminate against them in order to avoid confusion. They then 
might still play the main part in a shock-absorbing mechanism, 
a possibility which nevertheless seems rather remote. 
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3. Significance of Our Results for the Understanding 
of Renal Hypertension. 


We begin -witb. a short consideration of the behaviour of a 
selfcontrolled system such as the blood-pressure regulation. 

Schematically this can be represented by the well-known 
triangle 

Vasomotor 

center 


moderator 
nerves , 




vasomotor 

nerves 


Baroceptor -f ^ Heart and 

endings blood pressure vessels 


Thus, we have three interdependent organs connected by links 
of various nature: two nerve paths and the blood stream. How, 
the question is: how and at which level does stabilization occur? 
In order to analyze the action of the system one has to cut one 
of the links, opening the circle of interaction. This can be done 
anywhere, for instance in the blood stream link. This implies 
isolating the baroceptive endings from the general circulation, 
a procedure which is not completely possible experimentally but 
feasible for purposes of argument. We then have a local blood 
pressure acting on the baroceptors and a general blood pressure 
controlled by the state of these baroceptors. The diagram be- 
comes 


Vasomotor 
center 
X \ 


Baroceptor 

endings 


Local blood- 
pressure 


Heart and 
vessels 


Genera 


blood- 


pressure 


By varying the local pressure wc can change the general pres- 
sure. The functional relationship may be represented by curve 
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A in fig. 7. IsTow, at -w-hicli blood pressure does the system become 
stable -R-hen connected np in the original state? Obviously at 
the point vrhere local blood pressure and general blood pressure 
are equal, that is at the intersection between curve A and the 
45° line through the origin. This is true also if any permanent 
changes have taken place in the system. Such changes, e. g. in 
the viscosity of the blood, sensitivity of the baroceptors, of the 
vasomotor centers etc., will take the form of changed functional 
relationship between local and general blood pressure as shown 



Fig. 7. 

G = general blood pressure, L = local blood pressure. Further c.^lanation see 
text. 

for instance by curve B in fig. 7, It is seen that the blood pressure 
rise caused by the supposed change without concomitant change 
of local blood pressure, that is with the moderator nerves out 
of action, would equal the distance a while the introduction 
of the moderators reduces the change to only 6. A change always 
remains, however, even with the moderator apparatus intact — ■ 
a fact which is not always realised. 

Thus Dock (1940) has shown in a valuable contribution 

1) that the peripheral vascular tonus in 6oi.i)Bn.4Tr hypertension 
is dependent upon concomitant central vasomotor tonus and is com- 
pletely removable by pithing. 

2) that in these animals the vessels are seusitized to epinephrine and 
presumably to adrenergic nervous impulses. 
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Because of tlie existence of the moderator apparatus he believes 
that the sensitization of the vessels to adrenergic impulses is not alone 
able to produce hypertension. He therefore concludes that a changed 
“set” of the centers is necessary. But, as has been demonstrated above, 
sensitization alone would necessarily change the equilibrium level of 
blood pressure, as indeed would any change in the system that could 
permanently change the functional relation between local blood pres- 
sure in the baroceptive regions and general blood pressure. Not the 
vasomotor center but the whole system as such determines the equilibrium 
level, every link in the chain is equally important. Therefore, Dock 
has not shown that the centers are in any way altered in Goldblatt 
hypertension — which does not exclude the possibility that they might 
be so. 

The construction shown in fig. 7 may be used for estimating 
how large an increase in equilibrium level might be caused by 
the 6 % 4; 9 % decrease of impulse frequency, at about normal 
blood pressure, foimd in our hypertensives. Assuming a rough 
proportionality between impulse frequency and local blood pres- 
sure (as borne out by table I), the change (if real) of the endings 
means a 6 % ± 9 % shift of the curve towards the right. The 
point of intersection will then be displaced less than 6 % d; 9 % 
upwards along the ordinate axis, because of the slope of the 
curves. Thus, the actual hypertension, some 50 %, cannot be 
explained by a change in the endings. 

Significance of Our Results from the Point of Yiew 
. of End Organ Physiology. 

The present study reveals for the first time that there are 
end organs which are capable for hundreds or even thousands 
of hours of faithfully signalling the stimulus level. What this 
means for the theory of homeostasis is evident from the intro- 
ductory part of this paper. In order to judge the general signi- 
ficance of our finding for the physiology of end organs, it is ne- 
cessary to consider in how far the pulsatile nature of the sti- 
mulus could be the cause of the sustained discharge from the 
endings. Is it possible that only the opportunity for recovery 
offered in each diastole makes it possible for the ending to keep 
up the discharge? In order to answer this question with certainty 
one would want quantitative facts about the behavious of slowly 
adapting single end organs under pulsatile stimuli. No such facte 
are available however. The interesting studies of Cattell and 
Hoagland (1931) on intermittent stimrdation of rapidly adapt- 
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ing sMn receptors have no bearing on our problem. What we 
need are studies "where mean strength of stimulus and amplitude 
of pulsation are controlled as separate parameters. Without such 
information, any conclusion on the above points can only be 
tentative. The following argument is offered in this spirit. 

In his fundamental paper, SIatthews (1931) has shown that 
the adaptation after rapid reloading of a partially adapted muscle 
spindle proceeds in two steps, one rapid and one slow. (Tig. 18, 
Matthews 1931). SIatthews explains this by the .assumption 
that two processes in the ending antagonize adaptation, a slow 
a-process of large impulse capacity and a rapid but rapidly ex- 
hausted 6-process. During a short recovery pause only the 6- 
process recovers appreciately and the heightened response after 
a short recovery is therefore of short duration, the response drops 
very soon almost to the level obtained before the recovery pause, 
which is mainly determined by the a-process. Thus, it is perhaps 
conceivable that, from an adapted end organ, a pulsatile stimu- 
lus would at each pulse only release a number of impulse.?, be- 
longing mainly to the rapid 6-process, adaptation (or exhaus- 
tion) of the a-piocess being complete or almost complete. The 
discharge would then be governed by the amplitude of pulsa- 
tion rather than by the mean stimulus level, blow, the present 
findings do not point in this direction and thus could perhaps 
be expressed by stating that the slow, c-controlled phase of 
adaptation is lacking in at least some aortifi baroceptors, that 
their a-process is inexhaustible. That a rapid 6-phase does exist 
in kindred receptors is shown by the initial adaptation demon- 
strated in the carotid sinus by Broek and >Stelea (1935). The 
impulses released by the pulse beat and belonging to the 6-pro- 
cess cannot, however, be very important from the depressor 
point of view, as shown in the studies of the influence of pulsa- 
tions on the carotid sinus reflex by Strauss (1940) and Baraxy 
(1942). Thus, these studies give indirect evidence of the lack of 
a-adaptation. 

Sninmary. 

1, Beflectory homeostasis can only be effected by means of 
nonadapting sensory endings reporting the controlled level to 
the centers. 

2. At the same blood pres.sure the large fibers of the cardio- 
aortic nerves of rabbits with experimental renal hypertension 
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of a few months standing carry a number of impulses that is not 
significantly less (6 % ± 9 %) than in normal controls. Thus, 
the baroceptor endings in the aorta connected with the large 
depressor fibers either lack progressive adaptation or adapt at 
an extremely slow rate, 

3. The aortic baroceptors are not involved in the production 
of renal hypertension of the Goldblatt type, 

4. There is no correlation between the impiilse frequencies 
in the two cardio-aortic nerves, besides that caused by common 
blood pressure. 


This work has been made possible by grants from the Therese 
and Johan Andersaon Memorial Foimdation. Dr. E. Jorpes and 
A. B. Vitrum have contributed generous gifts of pure heparin. 
Dr. L. Ander and Miss G. Thelin have given most valuable assi- 
stance. 
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Introduction. 

It has been knowm. for a long time (Constantino 1913) that 
amino acids or substances reacting like amino acids are present 
in a . higher concentration in the red corpuscles of mammals than 
in the surrounding plasma. Similar conditions are found in the 
case of several other substances, as for example magnesium, 
phosphoric acid^ and creatine. Kegarding the amino acids there is, 
however, the complication that the amount of amino acid in the 
corpuscles is dependent on the concentration in the plasma. It is 
clear therefore that it is not sufficient to assume that the corpuscles 
are impermeable to amino acid. 

Several attempts have been made to elucidate this phenomenon, 
but none of the hypotheses has as yet proved satisfactory. 

ABDEBHAiiDEN and KuETEN (1921) Were of the opinion that the 
corpuscles adsorb amino acids on their surface, and that this ad- 
sorption follows Freundlichs adsorption equation. Several 
authors have denied that the uptake of amino acids by red cor- 
puscles is in accordance with this equation (Sbaeskv 1923), 
Hauslek (1926) was of the opinion that the adsorption after some 
time is transformed into an equal partition. Sbaesky (1941) 

^ Using ra^oactive phosphate Hevesy et al. (vid. Hahn and Hevest 1942) 
have shown that phosphate is diffusing at a reasonable rate through the corpuscle 
membrane. The apparent smplus of phosphate in the corpuscles originates from 
unstable phosphate esters, for instance creatine phosphate, which are constantly 
being formed and broken down. 
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points out that the equilibrium is reached rather slowly, which 
speaks against an adsorption to the corpxiscle surface. He speaks 
therefore of a “sorption”, a combination with colloids in the in- 
terior of the corpuscles. Folin and Svedberg (1930) regarded 
the surplus of amino acid found in the corpuscles as an artefact 
produced by some amino acid-hke substances split off during 
haemolysis. Danielsson (1933) found that the corpuscles were 
freely permeable to amino acids. According to him the excess 
was not amino acids, but substances reacting in a similar way. 
Without giving any proof of his assumption he supposed that 
half the surplus was in reality glutathione, 

A possibility, which has not been mentioned in the literature, 
but which cannot be ruled out a priori, is that the amino acids 
are taken up by the red corpuscles by some active cell-function. 
It is known (Danovsky 1941) that human corpuscles loose 
in the cold and take up it again at 20 — 1:0°C. 

As will be seen from this brief review, a reinvestigation of the 
whole problem seems justified. The present paper represents an 
attempt at such reinvestigation. 

My thanks are due to Professor Keogh for his constant interest 
in my work. I also wish to express my thanks to Sirs. Karen 
ScHAuruss, who has assisted me with the analyses. 


Experimental. 

For the experiments fresh ox-blood with the addition of 1 g sodium 
oxalate per liter was used. The separation of the red corpuscles and the 
plasma was performed by centrifuging for half an hour at 3500 rev./nm. 
This separation is not complete, the corpuscle fraction containing 
about 10 % plasma. The error introduced in this way is in most cases 
insignificant for the interpretation of the results. In one single series 
of experiments where this source of error is of importance a suitable 
correction will be used. 

The determination of the amino-K content was performed by the 
method of van Suyke (1929) on protein-free filtrates from coipuscles 
and plasma. 

Two different procedures for the preparation of these filtrates were 
used. One sort of filtrates were ultra-filtrates, prepared according to 
the method of Rehberg (1943). It is possible to use this method 
e%'en on undiluted corpuscles if they have been previously haeroolysed 
by repeated freezing. The ultra-filtration was performed in a cooled 
centrifuge, the temperature being kept all the time below G^C. The 
ultra-filtrate thus prepared contains mainly those constituents of the 
corpuscles or the plasma the molecular-weight of which ate below 1000. 
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The other type of filtrates were prepared after a modification of the 
method of Luck (1928) for the determination of amino acids in tissues. 
One ml plasma or one ml corpuscles diluted in the proportion by 
■weight was measured into a graduated test-tube containing 5 ml water, 
faintly acidified "with acetic acid and pre'viously heated to 100°C on a 
steambath. The test-tube remained in the steambath for seven minutes 
and was shaken at intervals. After cooling one ml. 20 % trichloroacetic 
acid was added after which the tube was filled up to the 10 ml mark 
and well shaken. After, standing for half an hour one g Meselgur was 
added and after shaking the fluid was filtered through a dry filter into 
a cylinder dmded to 0. i ml. The filtrate was evaporated in a porcelain 
dish until only 3 ml remained to remove most of the trichloracetic acid. 
Then the fluid was made alkaline -with NaOH and boiled for one minute 
to remove NHj. Upon this the fluid was neutralked.'with glacial acetic 
acid. The resulting fluid (1 — 2 ml) was transferred into the van Slyke 
apparatus so that the analysis -{- wash-water measured 5 ml. Then the 
analysis was performed as usual. 

The treatment -with Meselgur according to Luck (1. c) removes 
some peptides, which are not precipitated by trichloroacetic acid, so 
that all substances left in the filtrate which react with HNOj are true 
a min o acids. As will be shown later this assumption is not correct. 


a) The Normal Content of Amino-N in Corpuscles 
and Plasma. 

Table I shows the amino-N content of ultra-filtrates from cor- 
puscles and plasma. For filtrates prepared according to Luck 
the results are calculated under the assumption that the amino 
acids are dissolved in. the water-phase only, which for the cor- 
puscles may be estimated to 60 % of the corpuscle weight. For 
the plasma the waterphase is taken to be 92 %, Calculated on 
this basis the determinations on the two different sorts of filtrates 
may be compared. It is seen that the agreement is fairly good, 
not only as regards the plasma but also as regards the corpuscles. 


Table I. 



Ultra filtrate 

’’Lack” 


mg % 

filtrate mg % 


amino-N 

amino-N 


f 19.S 

19.4 


1 19.7 

19.4 


f 4.6 

4.5 


1 5.S 

5.8 


22 — $24075. Ada phys. Scandinav. Vol. 5. 
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As the filtrates prepared according to Lvck certainly contain 
all amino acids present in the corpuscles and since the ultra-fil- 
trates are showing just as high a content of amino-if, we can con- 
clude that corpuscles which are haemolysed hy freezing do not adsorb 
amino acids. 

b) Influence of Temperature on the Uptake of Amino Acid. 

37 mg leucine was added to 3 hlood-samples, of 50 ml each, 
after the hlood-samples through a short centrifuging had been 
separated into corpuscles and plasma. In this way the leucine 
could be dissolved in the plasma without producing haemolysis. 
Upon this the samples were mixed well and placed at 0°, 20° and 
37° respectively. Before the centrifuging all the blood-samples 
had been brought to the temperature at which they were later 
incubated. 

At suitable intervals samples were drawn, centrifuged and the 
amino-N content of the corpuscles determined. Table II shows the 
result. As vill be seen the uptake of leucine increases with tempera- 
ture and with time. 

Table IL 



mgJ* amino-N in corpuECIe 
nltra-filtrate after 


5 honrs 

22 hours 

O’ 


24.4 

20’ 

21.4 

26.5 

3r 

25.7 

32,0 


This result speaks against the assumption of an adsorption of 
amino acids by the corpuscles, as a positive adsorption will always 
decrease with temperature. 

c) The Uptake of Different Types of Amino Acids. 

The amoimt of leucine used in the experiments just mentioned 
should give an increase of about 10 — 12 mg% amiao-N under the 
assumption that whole blood has a dry substance content of 18 
— ^21 % and that the added amino acid is distributed evenly in the 
water-phase. It is therefore interesting that the concentration 



AMINO NITROGEN OF RED CORPUSCLES. 


339 


of amino-IT in tlie Tvater-phase of the corpuscles approaches 32 
mg%j which is an increase of just about 12 ing%. The uptake of 
amino acid by the corpuscles corresponds to a diffusion to an 
equilibrium. In order to investigate if all amino acids behave 
in the same manner similar experiments were performed with 
tyrosine, alanine, phenylalanine, glutamic acid and aspartic acid. 
For the four last mentioned amino acids the same method as for 
kucine was used. The amounts of amino acid added to the blood- 
samples were in each case equivalent with 37 mg leucine. Tyrosine 
was determined as such on ultra-filtrates from corpuscles and plas- 
ma with a quantitative modification of the Mill on reaction (Arnow, 
1937). Table III shows the result. After 24 hours at 37° added 

Table m. 


15 mg tyrosine was added to 50 ml blood. The blood was 
placed at 87' for JS-4 hours. 



Colour value, arbitrar units 

increase 





in mg 


— tyrosine 

-f tyrosine 

increase 

tyrosine 

Corpuscle ultra-filtrate . . 

50 

27G 

226 

24.2 

Plasma ultra-filtrate . . . 

30 

290 

260 

27.8 


tyrosine is evenly distributed between corpuscles and plasma 
idtra-filtrate. The results for the other amino acids is seen from 
table IV. It will be seen that alanine and pbenylalanine behave 
like tyrosine and leucine, whereas but little increase is seen in the 
case of glutamic acid and aspartic acid. If this increase is cor- 

Table IT. 



mu amino-N in corpuscle ultra- 


filtrate after 24 hours at 37” 


"witliont added 

vith added 


amino acid 

amino acid 

Alanine 

19.8 

29.0 

Alanine 

19.0 

30.3 

Phenyl alanine 

19.4 

30.2 

Glutamic acid 

19.4 

22.S 

Aspartic acid 

19.2 

21.4 
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rected for the increase in amino-N of the plasma left between tbe 
corpuscles it is doubtful whether the two acid amino acids are 
taken up at all. As previously mentioned about 10 % plasma is 
left between the corpuscles. This plasma is not removed by cen- 
trifuging at the rate used (3500 revolutions/min,). Even when 
6000 revolutions/min. is used a residue of 4 % plasma is left 
between the corpuscles. The plasma contains about 92 % water 
whereas the corpuscles contain 60 % water. The water-phase from 
the corpuscles contains accordingly 14 % water originating from 
the plasma. If the plasma concentration of amino-N in the experi- 
ments with glutamic acid and aspartic acid is increased about 
14 mg% amino-N, the amino-N content of the corpuscles will be 
14/100 X 14/100 = 2 mg% too high. 

It looks aa if the corpuscles are practically impermeable to 
dicarbonic amino acids. The hexon-bases hav'e not been studied 
as to their diffusion into the corpuscles, but in view of the low 
permeability of corpuscles towards cations it is probable that they 
will diffuse slowly if at all. These considerations lead to the as- 
sumption that the substance or the substances responsible for the 
high amino-N concentration of the corpuscles is to be sought 
amongst charged, acidic or basic, amino acids or amino acid-like 
substances. 

d) The Effect of Acid Hydrolysis on Corpuscle Filtrates. 

Although the trichloroacetic acid filtrates were treated with 
Ideselgur which according to Luck (1. c.) removes polypeptides 
and the ultra-filtrates vrere not likely to contain higher peptides 
on account of the relatively small pores of the cellulose-membrane 
used, it seemed advisable to perform a hydrolysis of the filtrates 
to ascertain whether any peptide substance should be present. 
For the hydrolysis hydrochloric acid was used. Equal parts of 
the filtrates in question and concentrated HCl were mixed in 
test tubes which were afterwards sealed and heated for 18 hours 
at 110° in an electric oven. 

After cooling the total content of each tube was transferred to 
a porcelain dish and evaporated on a steam bath to a small volume. 
It was then made distinctly alcaline and boiled for 2 minutes to 
remove ammonia. After neutralisation an NHt-determination was 
made either on the total sample or on an aliquot part. The results 
of such experiments are shown in table V, It is seen that the 
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Table V. 



Before hydrolysis 

After hydrolysis 

Ultra-filtrafe, corpuscles 

19.8 

23.0 

> > > .... 

17.S 

24.0 

Filtrate after Lnct; corpuscles 

19.7 

24.1 


hydrolysis produces a pronounced increase in the aniino-N content. 
To the increase directly found about 1 nfig% should be added, 
because the urea is destroyed during hydrolysis. The increase 
thus corrected is about 6 nag%. Under the assumption that the 
peptide or peptides react nith only one amino group before hydro- 
lysis this means that a dipeptide may amount to 6 mg% amino-lfl, 
whereas a tripeptide should amoimt to 3 mg % and higher peptides 
to still less. 

Although apparently convincing these considerations are not 
justified as will be proved in the discussion. 


e) The Effect of Heating in Nentral Solution 
on Corpuscle Piltrates. 

As shown above the dicarbonic anuno acids diffuse extremely 
slowl)’' through the corpuscle membrane and it v'as therefore 
possible that some dicarbonic acid was responsible for the excess 
amino-N of the corpuscles. The quantitative determination of 
these amino acids in low concentrations is no easy task. Gluta,inic 
acid (and probably hydroxygiutanuo acid) are, however, charac- 
terized by the ability to form an inner peptide (pyrrolidone car- 
bonic acid in the case of glutamic acid) by heating in neutral or 
weakly acid or alkaline solution. As the pyrrolidone carbonic 
acid does not react with nitrous acid the amount Of glutamic 
acid (-f hydroxj- glutamic acid) in an amino acid mixture might 
he determined by the difference in amino-N before and after 
heating in neutral solution for a suitable time. A control e^eri- 
ment %vith a glutamic acid solution containing 20 mg% amino-N 
showed that after heating for 40 hours at 110°, 3.7 mg%, aimno-N 
remained; after 60 hours the amount had decreased to 2.2 mgy(). 

Samples of corpuscle filtrate after adjustment to faintly acid 
reaction were heated for 48 hours at 110° and after removal of 
ammonia the amino-N content was determined. The results are 
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Table Yl. 



Before heating 

After heating for 
48 honrs at neu- 


tral reaction 

llltra-filtrate, corpuscles 

19.8 

7.2 

> > > 

17.3 

5.1 

> > 1 

18.5 

7.7 


shown in table VI. It is seen that the heating produced a very 
marked fall in amino-N.^ It seems as if the corpuscles contain 
about 12 mg% amino-N originatmg from a substance behaving 
like glutamic acid towards heating. It was therefore decided to 
make an attempt to isolate glutamic acid from corpuscle filtrates. 
The method chosen was that of Wilson and Cannon (1937) 
which involves the transformation of glutamic acid into pjTro- 
lidone carbonic acid by boiling under reflux for 48 hours at Pn 3 — I, 
extraction of the pyxrolidone carbonic acid with ethyl acetate, 
reextraction of the pyrrolidone carbonic acid from the organic 
solvent with alkaline water and recovery of the glutamic acid 
through acid hydrolysis. 

Example: 200 ml corpuscles were poured into a pyrex flask 
with 2 1. boiling water, acidified with acetic acid. After 7 minutes 
bo ling the flask was cooled in running tap water. 40 g trichloro- 
acetic acid were added and after standing for 30 minutes 50 g 
Ideselgur were added under shaking and the mixture was filtered; 
filtrate 1270 ml. The filtrate was concentrated in a vacuum to a 
thin syrup. It was then made up to 40 ml and extracted with 
ether imtil it no longer turned congo paper blue. After the ether 
had been removed by aeration the solution was refluxed for 48 
hours on an oil bath. During the boiling the last trace of trichloro- 
acetic acid was destroyed and the solubion became neutral. The 
solution was adjusted to pjj 4 with hydrochloric acid and extracted 
in a continuous extractor with ethyl acetato for 12 hours. 

The ethyl acetate phase, 50 ml was reextracted "with 100 ml 0.5 n 
NaOH. 


^ This method is only to he used on solations poor in glucose since the heating 
of amino acids "ndth glucose at neutral reaction produces some destruction of ammo 
acids (/Vagrek 1940). The oxcorpusclas are, howerer, impermeable to glucose and 
correspondingly contain only a small amount of glucose onlj- (compare Egk 191 j). 
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To the alkaline solution 100 ml cone, hydrochloric acid was added 
and the mixture was heated on a steam bath for 2 hours to hydro- 
lyse the pyrrolidone carbonic acid. At all stages of the procedure 
aliquot parts were taken out for amino-N determination. See 
table VII. 

Table Til. 



mg N 

mg^ N in water 
phase 

Filtrate before heating 

15.2 

19.2 

Filtrate after heating 

5.4 

6.9 

Alkaline extract before hydrolysis . . . 

0.7 

0.9 

Alkaline extract after hydrolysis .... 

4.2 

5.6 

’’Glutamic acid” N 

3.6 

4.6 


Other experiments gave similar results. In one case the glutamic 
acid chlorhydrate was prepared. Though the yield was poor the 
crystals could be identified by their shape and the parallel extinc- 
tion in polarized light. 

It was, however, obvious that glutamic acid could be responsible 
for at most a third of the excess amino-N of the corpuscles. At 
least one more substance, the amino-N of which disappeared on 
heating near the neutral point must be present in the corpuscle 
filtrates. 

f) The Amount of Monamino Monocarbonic Acids 
in Corpuscle Filtrate. 

In a previous section of this paper it was shown that added 
monamino monocarbonic acids diffused into the corpuscles tmtil 
the increase in amino-N was equal on both sides of the corpuscle 
membrane. 

Even when no amino acids are added the sum of monamino 
monocarboniG acids on either side of the membrane would probably 
be equal. The exact amount of these amino acids in the plasma is 
not known; probably the corresponding amino-N content amounts 
to about 2 — 3 mg%. An estimate of these amino acids in the cor- 
puscles may be obtained by removing the basic amino acids 
cystine and certain peptides) with phosphotungstic acid and 
the dicarbonic amino acids (-ktyrosin) by saturation with 
Ba(OH )2 and precipitation with alcohol in excess. 
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Example: A filtrate from 200 ml corpuscles and 1,800 g vrater 
was prepared in tlie same way as described in the preceding section 
with the following alterations viz. the corpuscles were washed 
wth 0.9 % NaCl before precipitation and 100 g kaolin was used 
instead of 50 g Meselgur to remove impurities. The filtrate (1,220 
ml) was concentrated in vacuo, and the concentrated solution 
(50 ml) was freed from trichloroacetic acid by ether extraction 
and again concentrated to 10 ml. It was then washed into a 
centrifuge tube with 2 ml w-ater and 1 ml cone. HCl. The tube 
was heated in a water bath to 90° and 3,5 g phosphotungstic 
acid dissolved in 2 ml hot water was added under stirring. After 
standing for 48 hours in the cold the precipitate was centrifuged 
and washed with 2 X 2 ml icecooled 2 % phosphotungstic acid 
in 4 % HCl. 

The combined mother liquor and washings were freed from 
phosphotungstic acid by extraction with amylalcohol-ether (com- 
pare Block 1934) and the solution was concentrated to 10 ml 
and stirred vuth pulverized baryum hydroxide until saturation 
was reached. A precipitate which contained the remaining trace 
of phosphotungstic acid was centrifuged, washed with 5 m) 
saturated Ba(0H)2 and discarded. The solution -j- wash water 
was poured under stirring into a centrifuge tube with 75 ml 9G % 
alcohol. 

After standing in the cold for 48 hours the precipitate was 
centrifuged and washed with 70 % alcohol and 98 % alcohol. 

The original amino acid mixture was thus divided into three 
fractions: 1) Tlie phosphotimgstic acid precipitate. 2) The baryum 
salts of the dicarbonic acids. 3) The alcoholic solution containing 
mainly the monamino monocarbonic acids. The phosphotungstic 
precipitate was dissolved in dilute NaOH which was afterwards 
neutralized with acetic acid. 

The baryum salts of the dicarbonic acids were dissolved in water 
and the last trace of alcohol was removed by concentration in 
vacuo. The alcoholic solution of the monamino acids w’as diluted 
■with water and concentrated in vacuo until all alcohol was re- 
moved. 

All fractions were filled up to the mark in measuring flasks 
and the amino-N content was determined on aliquot parts. The 
results of such experiments are shown in table VIII, It is seen 
that the monamino monocarbonic acids are present in the con- 
centration which ■tt’ould be expected if these amino acids are diffu- 
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Table Tin. 



First experiment 
mg % 

Second experi- 
ment mg % 

Total amino-N 

15.0 

14.6 

Amino-N in pliosplio-tnngstif! precipitate 

9.0 

9.3 

Amino-N in Ba-precipitate 

2.6 

2.2 

Amino-N of monamino acids 

2.1 

1.4 


sing freely through the corpuscle membrane. Of course the figures 
should not be taken too literally. The fraction supposed to con- 
sist of monamino acids may contain traces of the other sorts of 
amino acids which may have escaped precipitation and on the 
other hand a certain amount of monamino acids may have been 
lost. Nevertheless it is obvious that no amino acid of this group 
plays any part in producing the excess amino-N of the corpuscles. 

The amount of amino-N which is precipitated by phospliotung- 
stic acid is astonishingly high; but perhaps the most interesting 
feature is that the dicarbonic acid fraction is so low that glutamic 
acid cannot possibly be of any importance in producing the excess 
amino-N. The interest was now focussed on the substance or the 
substances which were precipitated with phosphotungstic acid. 
The substances precipitated might be hexon-bases, cystein and 
certain peptides especially glutathione. 


g) The Amount of Glutathione in Corpuscle Filtrates. 

As mentioned above Daniedsson (1. c-) suggested that about 
half the indiffusible amino-N of the corpuscles came from glut- 
athione. 

It was therefore necessary to determine the amount of this 
tripeptide in the corpuscle filtrates. 

The determinations were carried out according to the method 
of Fujita and Nitmata (1938 a). This method involves the reduc- 
tion of oxidized glutathione with H^S, removing of HjS by eva- 
cuation, and titration in an ice cooled vessel at pjgr 2 of the reduced 
glutathione with iodate after addition of iodide in excess. In the 
original method ascorbic acid is oxydized by ascorbic oxydase; 
but according to Fujita and Numata (1938 b) the amount of 
ascorbic acid in blood is so small that practically all the reducing 
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This means that glutathione accounts for a still greater part 
of the amino-N found in corpuscle filtrate than the amount cal- 
culated from the free amino groups of the tripeptide. Further 
it is clear that when glutathione gives nearlj two moles N de- 
termined directly the increase in amino-hT on hydrolysis will only 
be one mole N. A closer calculation leads indeed to the result that 
if the amino-N determined for glutathione is subtracted from 
the total amino-N, the amoimt left is of much the same magnitude 
as the amino-N of the plasma. 

Example; A sample of metaphosphoric acid filtrate from corpuscles 
gave 124 mg% glutathione in the corpuscle water phase. The correspond- 
ing amount of amino-N in free amino groups is 8.9 mg%. Each mole of 
glutathione ghdng I .9 moles N, the amount of N originating from glut- 
athione must be 8.9 x 1-9 = 17 mg%. The total amino-N of the sample 
was 22.4 mg%, difference 5.4 mg%. In the corresponding plasma the 
amino-N content was 5.5 mg%. 

The same result ma}’- be gained in a partly independent way. 
Under the assumption that every mole of glutathione gives three 
moles amino acid on acid hydrolysis, which according to Hopkins 
(1. c.) runs smoothly, the difference between the total amino-N 
after hydrolysis and the calculated amount of amino-N derived 
from the glutamic acid, cystein and glycine formed during hydro- 
lysis should be equal to the amino-N of the plasma,. 

Example; A sample of corpuscle ultra-filtrate gave on hydrolysis 
24 mg% amino-N the glutathione content was 92 nig% corresponding 
to 3 X 6.6 mg% = 19,8 mg% amino-N after hydrolysis. Difference 
4.2 mg%, which fits well, with the plasma amino-N, 5.i mg% or cor- 
rected for urea destroyed during hydrolysis 4. i mg%. 

^¥hen using the last mentioned method it should be considered 
that cystine gives somewhat too high results in the van Slyke 
apparatus. On the other hand some cystine is destroyed during 
hydrolysis and the same holds true for certain other amino acids. 
The sources of error are thus likely to balance each other. 

In section e it was shown that the greater part of the amino-N 
of corpuscle filtrates disappeared on prolonged heating near the 
neutral point. According to Hopkins (1. c.) it is peculiar to gluta- 
thione that it is totally destroyed imder such circumstances, and 
the main split products: pyrrolidone carbonic acid and the diketo- 
piperazine of glycine and cysteine give no N™ in the van Slyke 
apparatus. The fact that only 5 — 7 mg% amino-N is left after 
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licatirjg corpuvscle filtrates for 48 hours at neutral reaction strongly 
supports the view that the corpuscles are containing real amino 
acids in the same concentration as in the plasma and that all the 
excess amino-N originates from glutathione. Most of the glutamic 
acid found in tljc corpuscle filtrates (section c) ori^natcd un- 
doubtedly from glutathione. 

In section / it was found that a large proportion of the amino-N 
of the corpuscle filtrate is precipitated by pliosphotungstic acid. 
This is in accordance witli the fact that glutathione is precipitated 
by pliosphotungstic acid. It is, however, somewhat soluble in 
excess of tlie precipitant (Hopkins 1921) and it was therefore 
to be expected that sonic glutathione escaped precipitation. As 
glutatliione is strongly adsorbed by baryum phosphotungstate 
the glutathione still in solution would be removed before the 
precipitation of the dicarbonic acids. 

The pliospliotungstic acid fraction consisted accordingly of 
most of the glutathione the hexon-bases which are probably 
not present in liigher concentration in the corpuscles tlian in the 
plasma. 

It will be seen tliat there is strong evidence for the \'iew that 
practically all excess amino-N in the corpuscles originates from 
glutathione.^ 

Of course the methods used are not able to detect very small 
amounts of some other substances simulating amino acid; but it is 
improbable that such substances should be responsible for more 
than 1 n)g% amino-N, 

Further it must be remembered that althougli the sum of true 
amino acids in the corpuscle filtrates and' in the plasma are alike 
tliis does not necessarily mean that the same is the case for each 
separate amino acid. In %’iew of the relative ease ivith which 
monamino nionocarbonic acids pass through the corpuscle mem- 
brane (section h and c) no difference can be maintained in the case 
of these amino acids. The dicarbonic amino acids owing to their 
slow permeation through the corpuscle membrane might well be 
present in different concentrations on either side of the membrane 
perhaps for several days, 

1 As mentioned above Dakielssos (I. c.) supposed that about half the indif- 
fusiblc amino-N originated from glutathione. He gives no experimental proof of 
his view. Probably his estimate of the amount of glutathione is too low bej^Be 
most earlier methods determined only part of the glutathione. FcJiTA-and Nu- 
MATA (1938a} have shown that the redaction with Zn which has been in common 
use destroys a considerable part of the glutathione. . ■ 
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The hexon-bases have not been examined as to their diffusion 
rate into the corpuscles, but in view of the general low permeability 
towards cations the rate is probably low. 

As to the permeability to amino acids the corpuscles of different 
animals show considerable variation (compare Danielsson 
(l.e.)). 

It still remains to be explained how the high cohteentra'tion of 
glutathione is maintained in the corpuscles. The most reasonable 
explanation apparently is that the corpuscles are so impermeable 
to glutathione that the glutathione present in the newly formed 
corpuscles is more or less completely kept back during the whole 
hfetime of the corpuscles. In this connection it is of interest that 
glutathione is a dicarbonic acid of about the same strength as 
glutamic acid (Pirie and Pinkey, 1929) which was shown above 
to diffuse very slowly through the corpuscle membrane. Gluta- 
thione may thus be looked upon as a molecule too large to pass 
through the pores in the membrane and on account of its dicar- 
bonic acid nature it is insoluble in the lipoid phase of the mem- 
brane. 

There is of course the possibility that glutathione is continu- 
ously synthezised in the corpuscles. If this were the case it would 
be very interesting because most syntheses seem to be dependent 
on a cell nucleus. Waelsch and Rittenberg (1941) have proved 
by the aid of amino acids labelled with heavy N that glutathione 
is synthezised at a very high rate in most living cells but unfor- 
tunately the red corpuscles were not examined so that it still 
remains a question if the corpuscles of the circulating blood are 
able to synthezise glutathione. 

The third possibility that the corpuscles might take up gluta- 
thione from the plasma can be ruled out with some certainty, 
because the plasma does not contain measurable amounts of 
glutathione. Indeed according to Oberst (1935) the plasma con- 
tains some substance which destroys glutathione. 

The fact that glutathione is responsible for practically all the 
indiffusible amino-N of the corpuscles impKcates that nearly all 
amino acid determinations hitherto made on whole blood are 
erroneous. Folins method for amino-N determinations on un- 
laked blood (1930) gives probably the best approximation to the 
right value, but as the different true amino acids in the corpuscles 
are diffusing out more or less slowly and some of them extremely 
slowly the results are almost certainly too low. Apparently no 
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niothod is as yet known which removes glutathione quantitatively 
without removing one or more amino acids. It seems therefore 
preferable to make amino-N determination on the plasma which 
contains no glutathione. 

Most tissues contain glutathione in still higher, concentrations 
tlian does the corpuscles and the amount of amino acid found in 
the tissues by different investigators (compare for example Luck 
(1. c.)) is undoubtedly too high. Jilxperiincnts now in progress in 
this laboratory indicate that although glutathione is responsible 
for a considerable proportion of the amino-N of the tissues, true 
amino acids are still present in higher concentration in the tissues 
than in the blood plasma. 


Summary, 

The permeability of red corpuscles to amino acids is examined. 
It is shown that monamino monocarbonic acids diffuse until an 
even partition is reached in the two water phases. This process 
takes less than 24 hours at 37“. The dicarbonic acids: glutamic 
acid and aspartic acid are diffusing extremely slowly through 
the corpuscle membrane. It is demonstrated that monaraino 
monocarbonic acids are present in about the same concentration 
in the corpuscles and the plasma. 

The origin of the high amino-N content of the corpuscles com- 
pared with the plasma is investigated and it is found that nearly 
all the excess amino-N came from glutathione so that the concen- 
tration of true amino acids is equally high in the water phases of 
corpuscles and plasma. 
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0ber die Oestronwirkung auf den Sauerstoff- 
rerbrauch normaler, hypophysenloser nnd 
Iiypophysenstieldiirchtrennter Kanluchen.^ 

Von 

D. JAOOBSOHN nnd A. WESTMAN- 
(Eingcreicht om 12 . Febmar 1943.) 


Der Einfluss des Oestrons auf den Grundumsatz normaler 
Tiere ist mchrfach untersucht worden, abet mit wechselndem 
Rcsultat. So fanden Kunde et al. (1930) bei Hunden keine 
Andcrung des Grundumsatzes, Abba und Merlini (1939) bei 
Eaninchen keine sicbere Veranderung, bei emachsenen Meer- 
scliweinchen jedoch eine Tendenz zu einer Steigerung. Daotorth, 
Greene und Ivy (1937) sahen bei Ratten ebenfalls keinen sicberen 
Effekt, wabrend Gessijer (1936) bei Meerscbweincben, Gbusi- 
BRECHT und Loeser (1938) bei Ratten und Sherwood (1910) bei 
Ratten und Kaninchen nacb der Oestronzufuhr eine Senkung des 
Grundumsatzes feststellten. 

Bei bypopbysenlosen Ratten und Meerscbweincben wurde der 
Grundumsatz nacb Oestronzufubr von Gesslee (1937) unver- 
andert gefunden. 

Der Sauerstoffverbraucb stieldurcbtrennter Tiere ist bisber 
nicbt untersucbt worden. Die histologischen Befunde von Brooks 
(1938), Westman und Jacobsohn (1938, 1910), Dotila (1939, 
1940) und Westman, Jacobsohn und Okkels (1941) an den 
Hypopbysen und Scbilddriisen stieldurcbtrennter Ratten und 
Kanincben deuten jedocb auf eine Storung der Produktion tbyxeo- 
troper Hormone und lassen eine ibaderung des Grundumsatzes 
nacb der Stieldurchtrennung erwarten. 

^ Diese Hntersnchnng wnrde ndt IfxiteTatutztmg cler Stiftang >Therese nnd 
Joh&Q Anderssons ininne> Karolinskn Institntct, Stockbolm, ansgefuhrt. 
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Da Doaiij mt Wektman nnd Jacobsohk (1942) zeigen konnten, 
die nach der Stieldurolitremiuiig. ia dec Hypophyse auftretende 
Zellatrophie durch langdauernde Oestronzufuhr riickgangig ma- 
clieu kann, erscHen es fetner von Interesse, dea Sauerstoffver- 
brauck mit Oestron behandeltea, stieldurchtrennter Tiere zu 
untersucben, um festzustellen, ob es vielleicbt gelingt, auf diese 
Weise eine Funktionsanderung des yom Stiel getrennten, nacb 
der OestronBufubr normal aussehenden Hypopbysenvorderlappens 
nachzuweisen. 

Dm ein Vergleichsmaterial zu erhalfcen imd im Hinblick auf die 
erwahnten 'widersprechenden Resultate friiberer Untersucker wird 
in der vorliegenden Arbeit der Sauerstoffverbrauch sowokl nor- 
maler, wie kypopkysenloser und kypopkysenstieldurchtrennter 
Kaninchen vor und nack Zufukr von Oestron untersuckt. 

Zunachst werden die Resultate der unbekandelten stieldurck- 
trennten Kaninchen mit denen. der unbekandelten normalen und 
kypopkysenlosen verglicken. Danack wird gepriift, ob sick der 
Sauerstoffverbrauck der normalen, kypopkysenlosen oder stiel- 
durcktrennten Tiere durck die Oestronbekandlung geandert kat. 


Methodisches, 

Fiir die Untersuchimg wurden fast aussckliesalich Tiere benutzt, 
die mehrere Monate unter denselben Bmalirungs- und Umweltbe- 
dingungen gestanden batten. Die Bestinunung des Oj-Verbrauches 
gesckah in Morphin-Ufethannarkose (6 mg Morphin hydrochl. +0.5 
g Uretkan pro kg K. G. i. m.) unter sorgfaltiger Konstantbaltung 
der Kdrpertemperatur. Die Messung wurde mit der von Kahlson und 
Beil (1938) angegebenen Apparatur am spontan atmenden Kaninchen 
vorgenommen. Hierbei wird das Tier durch eine Trachealkaniile mit 
einem geschlossenen System verbunden, das darin vorhandene Luft- 
gemisch durch ein Geblase in Stromung gehalten und die vom Tier 
ausgeatmeten Gase durch einen Natronkalkturm geleitet. Die Mess- 
vorrichtung besteht aus einem geeichten Kroghschen Spirometer, dessen 
Ausschlage auf einer berussten Trommel registriert werden. 

Die meisten Tiere hatten sich nach Ya Stunde soweit an die Apparatur 
gewohnt, dass mit der Messung begonnen werden konnte. Die Atmung 
war dann regelmassig, tmd die Spirometerkurve fiel annahernd gerad- 
linig ab. Ein vollkommen gleichmassicei Kurvenfall war bei den dann 
ca. 1 — 2 Stunden andauernden Messungen meist nicht zu erreichen. 
Fiir die Berechnung wurden deshalb nur die geraden Kurvenstucke 
benutzt. Die m den Tabellen angegebenen Zahlen sind die Mittelwerte 
mehrerer Perioden von ca. 10 Minuten. 

23 — i2-i075. Acta phys. Scandinav. Yol. 5. 
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Fiir die Ocstronbeliandhing benutztcn wir das Priiparat Ovex, Leo. 
In den moisten Fallon wurden O.i mg in O.i ccm der Ollosun’g des 
Oostradiolmonobonzoat taglicb subcutan injiziert. 


Material. 

Ansgcfuhrt wurdcn im ganzcn 46 Mcssnngcn, von denen 10 nnbe- 
riicksicbti^gebliebcn sind, entwcdcr well die Tiere in Pernoctonnarkose 
odor die Kurvcn nicbt bcfriedigend warcn. Das bearbeitetc Material 
bestcbt also aus 36 Mcssungen, die an 21 Tieren vorgenomraen wurden. 
Es -ware naturlicb am bestcn, dasaclbe Tier fur mogbclist viele Mcssungen 
vor und nach der Bchandluiig zu bemitzcn. Dieses konntc jedocb nicht 
konscquent diirchgcfubrt werden, da cinigc Tiere nach dem Versucb 
Tracheitiden odor Pneumonicn bckamen und fur weitere Vcrsucbc 
untauglich vurdcn. 

In der Tabcllc I bis IV sind die Untersuchungen gruppenweise zu- 
sammengcstollt. Alio Tabcllen sind in dor glcicben Weise aufgestellt. 
Der Oj-Verbraucli in ccm/10 Min./kg ist vor und zu verscliiedenen 
Zeiten nach dor Oestronbchandlung angegeben. Die Angabcn in der 
crstcn Kolonne bczichen sicli anf die Mcssungen vor der Oestronzufulir, 
die ■vveiteren auf Mcssungen nach verschieden langer Behandlung. 
In den Eubriken vor dem Oa-Wert sind die Dosis und Dauer der Ovex- 
behandlung und das Korpcrgewicht des Tieres bei der Messung ange- 
fuhrt. 

Auf den Tabcllen III und IV ist ausserdem angegeben, zu welcher 
Zeit nach der Operation die O.-Verbrauchbestimmung vorgenommen 
vurdc. 

Tabclle I enthiilt 7 NomaJiierc, von denen 5 vor der Oestronbehand- 
lung untersucht ■\vurden. Die Tiere 3, 4, 5 sind dann 7 Tage, die Tiere 
4 und 5 ausserdem nach 26 Tagen, und Mr. 4 50 Tage nach einer tag- 
lichen Ovexbehandlung nut O.i mg s.c. gepruft worden. Fall 6 und 7 
wurden 29 und 51 Tage nach taglichen Oestroninjektionen von 0.5 rag 
gemessen. 

In der Tabelle II finden sich 7 hypophysenJose Kaninchen. Fall 
1 bis 3 sind unbehandelt. Fall 4 vor und riach 58-tagiger, Fall 5 nach 
12- und 33-tagiger Oestronzufulir und Fall 6 und 7 nach 2 bzw. 5-tagiger 
Behandlung untersucht worden. 

Tab. Ill zeigt 4 Jiypophyse7istieldurchtrcnnte Kaninchen, von denen 
Mr 1 — 3 33 Tage mit tgl. O.i mg Oestron faehandelt wurden. 

In der TaboUe IV endlich sind 3 unvoUstandig stieldiirclitrennte 
Kaninchen angefiihrt, von denen Fall 1 und 2 nach 2^/s, und 3 Monaten 
untersucht wurden. 


Ergebnisse. 

Die Ergebnisse sind im wesentlichen aus der Tabelle I III 
ersichtlich. Zunachst sollen die vor der Oestronbchandlung er- 
haltenen besprochen werden. , 
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Tabollo Hi. 

Slieldurchtrcnnte Kaninchen. 


Nr. 

1 

2 

3 

4 


Vor dcr Behandlnng 


K.G. 

0, Ycrbratreh 


E 

Mon. p. op. 

ccm/10 

Min/feg 

2260 

2V* 


2750 

2V* 

51 

2 650 

27* 

42 

2300 

27* 

48 


Nach Beliandlnng mlt Over, Ijco 


Ovcxbellnndlang K. G. 

Oj Verbranch 


JOOSIB 

mg 

Tage 

E 

Mod. p. op. 

ccm/10 

Min./kg 

O.l 

33 

2100 

4 

55.6 

0.1 

33 

2900 

4 

59.5 

0.1 

33 

2300 

4 

55 

— 

— 


— 

. 


TftbeUo lY. 

Unvollslandig sliddilrchirennie Kaninchen. 


Nr. 

K.G. 

OjVcrbranch 


K.G. 

Oj Verbranch 


E 

Mon. p. op. 

ccm/10 
Min/kg j 

E 

Mon. p. op. 

ccm/10 

Min/kg 

1 

2700 

2Vs 

78 

2970 

3 

, 72 

2 

2350 

27* 

58 

2350 

3 

63.5 

3 

2500 

8 

67.6 

— 

— 



Der 0^-Verl)rauch der normalen Tiere variiert zwar zwischen 73 
und 95, G ccm/lO ]\Iin./kg, ist aber sowobl bei den bypophysenlosen 
wie bei den stieldurcbtrennten so stark erniedrigt, dass der ITnter- 
sefaied dcutlich hervortritt. 

Bei der Berechnung der XJnterschiede zwischen den Gruppen 
aus den Sfittelwerten mit ibren mittleren Fehlern und dem mitt- 
leren Febler der Differenz ergibt sick eine sicbere SsnJcung des 
Oi-Vcrbrauches der hypophysenhsen (M — 45,9 ± 2.4) und der 
slieldurchirennten {31 = 49,1 i 2,3) Tiere im Vergleich zu den 
normalen {31 = 82 4,3), aber Jeein Unierschied zwischen den 

hypophysenlosen und stieldurchlrennten. 

Der Og-Verbraueb ist also nacb der Durebtrennung des Hypo- 
pbysenstieles ungefabr ebenso stark berabgesetzt "wie nacb einer 
Hypopbysektomie. 

Die Werte der Tiere, bei denen die Stieloperation misslungen 
und der Hirnanbang ganz oder teilweise mit dem Infundibulum 
in Verbindung gebbeben war, sind bier etwas hoher als die der 
stieldurcbtrennten. Nr. 1 bat einen Oa-Verbraueb, der dem der 
normalen entspriebt. 

Befcracbtet man nun die Ergebnisse nacb der Oestronzufubr, so 
Bcbeint bei den Normaltieren der Tab. I allmabbcb eine Abnabme 
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des Oo-Verbrauches ^inzutreten. Besonders deutlicb zeigt dies 
Ball 4, der nach 7-, 26- und '50-tagiger Bebandlung nait tagKch 
0.1 mg Ovex Werte von 95, 94, 69 nnd 60 ccm/10 Min./kg aufweist. 

Die Beurteilung des Eesultates dieser Gruppe ist aber durcb 
die scbon oben erwabnte starke Streuung erschwert. Es vmrden 
desbalb, da sich der Behandlungseffekt offenbar erst spater als 
nacb 7 Tagen zeigt, die Werte zu zwei Gruppen ziisammengefasst. 
Die eine entbalt alle Werte vor der Oestronzufuhr und die drei 
nacb 7-tagiger Bebandlung. Bei der anderen sind die iibrigen 7, 
also nacb 26 — 51 Tagen Bebandlung vereinigt. 

Vergleicbt man nun diese beiden Gruppen miteinander und 
nimmt dabei an, dass jeder Wert von einem selbstandigen Indi- 
viduum stammt, so ergibt sicb bei der ersten Gruppe der Mittel- 
wert M = 84.9 3.0 und bei der zweiten M = 58.1 3.6. Die 

Differenz betragt 26.8 ± 4.7 und D:«j) = 5.7, d. b. es ist ein 
sicberer Unterscbied vorbanden. Wegen der Korrelation der Werte 
wurde der Unterscbied durcb eine weitere Becbnung kontrolliert. 
Bei dieser wurde nur der Mittelwert der beiden Ergebnisse des- 
selben Tieres beriicksicbtigt. Aucb bierbei ergab sicb eine sicbere 
Differenz. Es kommt also bei den bier untersucbten normalen 
Kanincben durck die Oestroyibehandlung zu einer Abnahme des 
Oi-Verbrauc?ies. 

Eine derartige Berecbnung erscbeint bei den liyfofliysenlosen 
(Tab. II) und stieldurclitrennten Tieren (Tab. Ill) unnotig, da die 
Ergebnisse obne weiteres erkennen lassen, dass die Oestronbe- 
bandlung den O^-Verbrauch niclit verdndert batte. 

Biskussion. 

Die starke Abnahme des Os-Verbraucbes nacb der Hypopbjs- 
ektomie des Kaninchens stimmt mit friiberen Befunden (Ph. E, 
Smith, 1927, u. a.) iiberein. 

Als Ursacbe der ebenso grossen Senkung bei den stieldurch- 
trennten Tieren ist vielleicbt ausser einer Hemmung der Produk- 
tion des tbyxeotropen Hormones nocb eine besondere Stoffwecbsel- 
storung anzunebmen, Histologiscbe Befunde an Scbilddriisen 
stieldurcbtrennter Tiere weisen namlich nicht konstant (Westman, 
Jacobsohn und Okkels) oder nur nacb besonderer Belastung 
(Uotila) auf eine berabgesetzte Aktivitat bin. Gegen eine Stoff- 
wecbselstorung infolge einer Hypotbalamusscbadigung sprecben 
die fast normalen Werte der unvollstandig stieldurcbtreunten 
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Kaninchen, bei denen das Operationstrauma dasselbe wie bei den 
stieldurchtrennten war. Dass die Werfce verschieden und relativ 
niedrig sind, kommt offenbar dutch die vcrsoliieden starke Ver- 
letzung des Hypophysenstieles zustande. 

Die Verminderung des O.-Verbrauches normaler Tiere nach 
langdauetnder Bobandluiig imt Oestron stiramt; mit den in der 
Einlcitung erwiilinten Befunden von Gessler, Grumbrecht und 
Loeser und Sherwood iiberein und konnte dutch cine Hemmung 
der Produkfcion des thyxeotropen Hormon.s, wie sie Heyl, De 
JoNGH und ICooY (1934), Gessler (1937) und Grumbrecht und 
Loeser (1938) z. B. annchmen, bcdingt sein. Moglich ware aber 
aucli einc direkte Wirkung auf den Stoffwechsel, die Sherwood 
(1910) auf Grund von Yersucben an thyreoidektomierten, mit 
Oestradiol und Amniotin behandelten Kaninchen fur wahrschein- 
licher halt. 

Der unveriindcrte Oj-Verbrauch der hypophysenlosen Kaninchen 
nach der Oestronzufuhr entspricht der Beobachtung von Gessler 
(1937) an h}'pophysenlosen Batten. 

Wie in der Einleitung crwahnt, batten "West-Man und Jacob- 
SOHN (1942) festgestellt, dass die Hypophyse stieldurchtrennter 
Kaninchen nach einer Ocstronbehandlung wieder ihr normales 
Aussehen erhiilt. Aus der bier niitgeteilten Untersuchung des 
Oj-Verbrauches geht hervor, dass die Stofhvechselfunktion der 
Hypophyse dutch eine derartigc Behandlung nicht wiederher- 
gestellt wird. 


Zusammenfassuns. 

Untersuchung des O.-Verbrauches normaler, hypophysenloser 
und stieldurchtrennter Kaninchen vor und zu verschiedenen Zeiten 
nach einer Oestronbehandlung. 

Der Oj-Verbrauch stieldurchtrennter Kaninchen ist ebenso 
stark herabgesetzt wie nach einer Hypophysektomic. 

Durch die Oestronbehandlung sinkt der Oa-Verbrauch normaler 
Tiere, wahxend er bei hypophysenlosen und stieldurchtrennten 
unverandert bleibt. 
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A Note on the Enzymic Hydrolysis of Certain 
Cliolin HeriratiTes. 

Bj 
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(Received 16 Feornaiy IS43.) 


In recent years a large amount of work has been done on the 
eiixymic chemistry of acetyl cholin, on account of its great im- 
portance in nerve physiologj'. However, also other cholin deriva- 
tives have aroused the interest of biochemists. This is partly due 
to the application that some of these compounds have found in 
practical medicine, and partly because of the fact that by a 
simultaneous study of this whole complex of substances one may 
hope to make some progress in the understanding of the cholin 
esterase itself. 

In the present note we are concerned only with one particular 
branch of this wide field, namely with the way in which the 
cholin esterase is influenced by eserine. Our problem may be 
expounded as follows (see Ajimon 1940). It is well known that the 
enzymic hydrolysis of acetyl cholin is strongly retarded by eserine. 
This has been shown by AMAIO^’^ and Voss (1935) by injection of 
eserine in dogs, and by Jones and Todd (1935) for man. Accord- 
ing to Kahaxe and Levy (1936) eserine also exerts in dogs a 
sensitizing influence on the blood pressure diminution by formyl 
cholin, acelyl chob'n and propionyl cholin, but not by benzoyl- 
cbolin and acetyb/^-metbyl cholin, Wo derivatives which are 
rather slowly hydrolyzed by the enzyme. It is therefore an inte- 
resting question whether the hydrolysis of the latter two esters is- 
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dr ’is not retarded by eserine, or vbetber tbis influence of the 
alkaloid is only very weak. To quote literally tbe. words of Ammon 
(1940, p. 397): “Es ware wicbtig, daber zu priifen, ob das Eserin 
aucb im Eeagenzglase die Hydrolyse dieser beiden letztgenannten 
Ester gar nicbt oder nur in wesentUcb geringerem Ausmasse 
bemmt.” Tbe present author has searched tbe literature in vain 
for an experimental answer to tbis question, and it was therefore 
decided worth while to undertake an investigation of the kind 
indicated. 

In order to follow quantitatively the progress of the hydrolysis 
we have chosen for reasons of simplicity and convenience the 
method of continuous titration, in which the hydrogen ion con- 
centration of the reaction mixture is kept constant by conti- 
nuously adding alkali and simultaneously controlling the pH by 
observing the colour changes of a suitably chosen indicator. The 
method is hence quite similar to that designed by Enafpl-Lenz 
(1923) for the study of lipases. As regards the choice of indicator 
the following remarks may be made. Stedman c. s. (1932) origi- 
nally used brom thymol blue, working at pH 7.4. However, when 
unpurified serum is used as a source of cholin esterase, difficulties 
were experienced due to the buffering action of the serum proteins. 
Later on, therefore, these authors used o-cresol phtalein, working 
at pH 8.6, but this was found to introduce additional difficulties 
due to the unstable nature of the substrates used, and hence this 
indicator was also abandoned. Finally, Stedman c. s. (1933) found 
cresol red to be a suitable indicator, working at pH 8.0. With this 
indicator it was possible to obtain well reproducible results, both 
the buffering action of the serum proteins and the non-enzymic 
hydrolysis being small, while the colour change of the indicator 
was well marked. The present author, after some initial work 
with brom thymol blue, therefore also decided to use cresol red. 
It is to be regretted that there is no investigation to be found in 
the literature of the influence of various indicators on the cholin 
esterase, analogous to the work of Bamann and Schmeller 
(1931) on livei esterases. To avoid any possible inhibitory effect of 
the alcohol the indicator was used in an aqueous instead of in an 
alcohobc solution. 

As enzymic solution we used serum from man. The subject of 
the purilication of tbe cholin esterase is still in a very imperfect 
state and it was not considered advisable for the present pui^ose 
to make attempts at purification. 
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Of the two substances studied here, both were used in the form 
of their chlorides 

(GH,),hr(Cl)OH,.CH,-OCOCJI, CH-,-lNr{CUh{01) 

Benzoyl cholin chloride 1 

CH-~0-C0.GEa 

GHa 

Acetyl-jg-methyl cholin chloride. 

Benzoyl cholin clvloride was synthesised by' the method of Four- 
NEAU and Page (1914), which consists in heating the benzoic 
acid-)5-chloro-cthyl ester w'ith trimethyl amin in benzene solution 
in a sealed tube. The acctyl-^-mcthyl cholin chloride was kindly 
placed at our disposal by the A/S Ferrosan. 

The measurements were carried out by dissolving 0.1 g of the 
substrate in 50 cm® of water, adding a few drops of the indicator 
(the same number of drops in all cases) and — usually — Vs 
of serum, and, eventually, the eserine solution. The alkaloid was 
used in the form of its sulphate. The titrations were carried out 
with ca. n/100 NaOH. In separate experiments the self-hydrolysis 
was determined and found to be unimportant. All the work was 
carried out at a temperature of 22° C iO.l. The hydrolysis was 
usually follow’ed for an hour, and the results were found to be 
reproducible to within around 5 %. Measurements were chiefly 
carried out with two alkaloid concentrations in the reaction 
mixture, namely 

a) 0.6 '10~* g/cm® 
and b) 0.6 • lO""* g/cm®. 

Thus in a series of measurements with benzoyl cholin chloride the 
alkali consumption in a typical experiment was as follows 

Without csDrino Ca£o a Case h 

1.94 cm® 0.60 cm® 1.70 cm® 

(The seif-hydrolysis has been allowed for.) 

The retarding influence of .eserine is evident from this table, and 

could easily be followed to much lower alkaloid concentrations. 
The results for acetyl-^-methyl cholin chloride were quite similar, 
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and since they give nothing qualitatively new, we refrain from 
reproducing further figures. 

To have an independent qualitative check on these results, 
some measurements were carried out in the Warburg apparatus, 
using the well known gas analytic method developed by Ammon 
and Rona for the determination of esterase activity. The results 
were a qualitative confirmation of those already reported upon, 
and the numerical details and a closer description of these experi- 
ments may therefore be left out here. 

In view of the results just reported we believe to have established 
the result that eserine also retards the hydrolysis of benzoyl 
cholin and aGetyl-/?-methyl cholin by the cholin esterase of serum. 
As a matter of fact it seems to us that any other result would 
have been very difficult to understand on general theoretical 
grounds. However it must be admitted that as regards the inter- 
pretation of the experiments of Kahane and Levy the present 
work does not offer any new possibilities, except of course to warn 
against attempts at explanation based on the assumption that 
eserine does not influence the enzymic hydrolysis of the two 
esters studied here. 

The author wishes to express his thanks to Prof. E. Bulmann 
and Prof. R. Ege for their generous hospitality. He also wishes 
to thank Lektor Dr. S. Veibel for his interest in this work. 


Summary. 

It is found that eserine retards the enzymic hydrolysis by serum 
cholin esterase of benzoyl cholin and acetyl-^-methyl cholin. The 
relation of this result to certain experiments of Kahane and 
Levy is briefly discussed. 
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(Received 16 February 1943.) 


For the past 50 years, the influence of peptone poisoning on 
the animal organism has been an established fact, and during the 
same period a great number of widely differing scientific accounts 
have been published concerning this problem (e. g., Wohlisch 
(1929)). The main interest has centred, however, on the anti- 
thrombin content of the blood, because it was recognized early 
(CoNTEJEAN (1895)) that in dogs these conditions brought about 
a considerable increase in the amount of antithrombic substances 
in the blood. Several investigations into these problems established 
the liver as the principal site of the formation of these sub- 
stances, and in recent years it has been demonstrated that in 
poisoning of this kind large amounts of heparin were poured 
out into the blood stream (Wilandbr (1939)). 

While these problems have been elucidated fairly well in dogs, 
the matter is still obscure in other animals — largely because 
the amount of thrombin-inhibiting substances given off to the 
blood stream is considerably smaller in other animals than in 
dog. Furthermore, with the analytical methods available so far 
for determination of the heparin content of the blood as well 
as its content of other thrombin-inhibiting substances, it has not 
been practicable to obtain any results that were even appro- 
ximately accurate. So, it is no wonder that the findings record- 
ed so far are highly confusing or even directly conflicting. 

With the method- described by Asteup and Darling in 1942 
for determination of the antithrombin content of the blood. 
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however, it has become possible to measure the presence of such 
substances accurately. Employing this new technique, I have 
reinvestigated these problems, especially in rabbits. 

The animals here employed have been the ordinary commer- 
cial rabbits, chiefly white ones, weighing 2—3 Irg. 

The peptone used was Witte peptone, injected intravenously 
in varying amounts. 

As .the tolerance of rabbits for peptone was a rather unsettled 
question, some preliminary experiments were made with a view 
to this point. 

Thus rabbits were found to be considerably more resistant to 
intravenous injection of peptone than are dogs. For instance, 
injection of 0.3 g. of peptone per kg. of body weight had no vis- 
ible effect even in fasting rabbits, whereas this treatment in 
dogs produces almost invariably a pronounced state of shock. 

For the production of shock in rabbits considerably larger 
doses were found to be required — most often up to 1 — 2 g. of 
peptone per kg. of body weight. Intravenous injection of such 
large amounts resulted most often in a pronounced shock with 
convmlsions, loss of consciousness, involuntary passage cf the 
urine and faces and, not infrequently, death of the animal. 

In order to elucidate the effect of the peptone injections on 
the antithrombin content of the blood, some preliminary experi- 
ments were made in order to see whether the injection of small 
amounts of peptone might have an effect: 4 rabbits were given 
an injection of 2 cc. of a 5 % peptone solution, corresponding to 
about 0.05 g. per kg. Such an injection was found to have no in- 
fluence w'batever on the antithrombin content of the blood. 

In some previous studies (Volkert 1941—^2) it was demon- 
strated, however, that repeated injection of protein solutions — 
and also injection of solutions of high-molecular substances with- 
out any antigenic character — in a dose of about 0.05 g of the 
substance per kg. of the w’eight of the animal produced within 
two weeks a considerable increase in the antithrorabin content of 
the blood. In these experiments the first tw'O injections were 
found to have no effect whatever. But after 5 — 6 days the orga- 
nism appeared to be sensitised and now each injection produced 
a characteristic brief rise in antithrombin, besides a slow general 
increase in antithrombin. It seemed obvious, therefore, to try 
whether this effect might be produced also by peptone and hence 
4 animals were each given 5 injections of 0.05 g. of peptone per 
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kg. for 11 days. These injections were found to have no effect 
whatever; the organism was not sensitized to peptone. The in- 
crease of antithrombin on injection of peptone in dogs can there- 
fore hardly be due to a sensitization of these animals through 
absorption of peptone from the intestinal canal. So the peptone 
shock appears not to be any kind of anaphylactic shock. This 
is confirmed by the fact that reinjection of peptone in rabbits 4 
weeks after my attempt at sensitization proved to have just as 
little effect as the previous injections. On the other hand, rein- 
jection of protein in amounts of 0.05 g. per kg. gave strong and 
characteristic antithrombin reactions. 

In the next experiment o rabbits were given a larger amount 
of peptone — 0.3 g. per kg. — • the very dose that gives a pro- 
nounced shock in dogs, together with a rise in antithrombin. 
As mentioned, this dose appears to have no influence whatever 
on the general condition of the rabbits, whereas if affects the 
antithrombin content of the blood, resulting in a pronounced 
fall in antithrombin — while in dogs the same treatment gives 
a marked rise in antithrombin. This fall makes its appearance 
immediately after the injection, the minimum antithrombin con- 
tent being reached 5 minutes after the injection. The degree of 
this fall in antithrombin was extraordinarily uniform in all the 
cases, amounting to about 20 %. After this minimum was 
reached, the antithrombin content kept constant for a couple of 
hours, whereafter it commenced to rise again, reaching a normal 
level in 4 — 6 hours after the injection. These findings are pre- 
sented graphically in Fig. 1. 

In order to elucidate the cause of these peculiar findings, an 
experiment was made to see whether it might be possible also in 
vitro to lower the antithrombin content by addition of peptone. 
First, one drop of a 20 % peptone solution was added to 2 cc. 
of citrated plasma; this proved to have no effect whatever on 
the ahtithrombin content. 

On the other hand, one drop of 20 % peptone solution added 
to 2 cc. of citrated blood gives a fall in the antithrombin content 
amounting to 20 %. 

This finding reminds strikingly of tbe experiments reported 
earlier (Volkert 1942) in which the addition of India ink and 
chloroform to citrated blood likewise produced a fall in anti- 
thrombin content amounting to 20 %, whereas no such fall was 
seen on employment of citrated plasma instead of citrated blood. 
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As poinf>ed out in detail in the report cited (Volkebt, 1942), 
the fall in antithrottdiin content of the blood is due to injujy to 
the red blood cells by the addition of India ink and chloroform, 
enabling' these cells to combine with the antithrombin, So the 
influence of peptone on the antithrombin content of- the blood, 
is due most likely to the same mechanism and, as in the India 
ink and chloroform experiments, it is the variable antithrombin 
component of the blood that is eliminated on the addition of 
peptone — a component which, as described previouslv, is due 
to a heparin-h'ke substance. 



Fig. 1- Tho Antithrombin Content of the Blood by Injection of 0.3 g Witte 

Pepton per kg, at j. 

Injection of larger amounts of peptone — sufficient to produce 
a pronounced shock — resulted in an altogether different anti- 
thrombin reaction. Thus, injection of 1 — 2 g. of peptone per kg. 
gave immediately a rapid rise in the antithrombin content of 
the blood amounting to about 25 — 30 %. This was followed by 
a gradual fall, the antithrombin concentration reaebiug a nor- 
mal level in about 2 hours. But, instead of staying at this level, 
the fall continued, reaching a minimum in about 2 additional 
hours. In all 5 animals this minimum was represented by a fall 

of about 20 %. • 1 1 

The antithrombin content did not keep constant at this level, 

however, but soon commenced to rise again, reaching a normal 
level in about 4 hours — and then it stayed at that level. These 

features are presented graphically in Fig. 2. r- i. 

These experiments show that it is possible also in rabbits by 
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intravenous injection of peptone to produce a rise in tte anti- 
tkrombin content of tbe blood if only tbe dose is sufficient to 
produce shock. 

In previous experiments on rabbits in v?bicb it has been pos- 
sible to produce a rise in the antithrombic content of the blood 
(by immunization, anaphylactic shock and obstructive jaun- 
dice), it has further been possible completely to block this effect 
by 5 injections of 0.1 cc. of India ink per kg. An experiment was 
carried out, therefore, to see whether such blocking would hold 



Fig. 2. The Antithrombin Content of the Blood by Injection of 1.6 g Witte 

Pepton per hg, at j. 

good also on injection of peptone — and this was found to be 
the case. 

In 3 animals in which an India ink blockade was established 
beforehand, it was not possible to produce any rise in the anti- 
thrombm content even by injection of maximal doses of peptone. 
This observation, I think, suggests Yery strongly that it is the 
same substance that is produced in the peptone poisoning as is 
found during immunization, anaphylactic shock and obstructive 
jaundice, involving an increase in the variable antithrombin 
component of the blood — i. e., that a heparin-like substance is 
produced and poured into the blood stream. That the rise in 
antithrombin observed in peptone intoxication is only about one- 
half of the rise observed in the other conditions may possibly 

24 — i24075. Acta phys. Scandinav. Yol. 5. 
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be due to injuty to tbe red blood cells associated with peptone 
intoxication, binding in this manner a part of the antithrombin 
formed. 

Correlating the experimental results concerning the antithroni- 
bin content of the blood in peptone intoxication in rabbits the 
interpretation appears to be probably as follows: 

1. The small amounts of peptone — 0.05 g, per kg. — are 
too small to affect the blood corpuscles to such an extent as to 
produce a fall in antithrombin. J7or can such an amount of pep- 
tone have a stimulating effect on the organs which give off the 
heparin-liie substances and thus produce a rise in antithrombin. 

2. The moderate doses of peptone — 0.3 g. per kg. — affect 
the blood corpuscles and give rise to a fall in tbe antithrombin 
content of 20 %. This means that all the antithrombin is re- 
moved which noiTnally results from the heparin-like substances 
prcvsent in the blood. This amount of peptone is still too small, 
however, to act as a stimulant and produce an increase in anti- 
thrombin. 

3. Injection of peptone in amounts as large as 1—2 g. per 
kg., which produces shock, gives rise to stimulation of the system 
in which the heparin-like substances are formed, so that these 
substances are now poured out into the blood stream in an in- 
creased amount. At the same time, these large amounts of pep- 
tone have a strong effect upon the blood corpuscles, so that the 
blood cells combine with some of the antithrombin formed, partly 
masking the total antithrombin production. Furthermore, this 
effect on the blood corpuscles appears to be rather protracted. 
This is evident from the fact that the fall in antithrombin con- 
tent subsequent to the sudden, but probably brief, production 
of heparin-like substances does not stop at the normal level, 
but keeps on till it reaches a value of about 20 % below this 
level. When this stage is reached, not only the antithrombin 
produced by the experimental conditions is removed from the 
blood, but also that amount of the normal antithrombin that is 
due to the heparinlike substance. 

The effect of the peptone injection on the blood corpuscles 
lasts for about 4—5 hours; then the antithrombin content of 
tbe blood rises again to a normal level. 

Thus it has been demonstrated that an increase in the amount 
of heparin-like substances in the blood can be produced in xab- 
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bits by peptone intoxication — just as in dogs and cats — but 
that in rabbits it is absolutely necessary for this purpose to pro- 
duce a shock. As to the reaction of thrombin-inhibiting substances 
in rabbits on injection of small amounts of peptone, it may be 
that yith a suitable dosage, similar phenomena may be produced 
in dogs and cats. 


Summary. 

1. Experimental studies are reported on the tolerance and 
reaction of rabbits to intravenous injection of Witte peptone, 
and it is illustrated that shock can be produced also in rabbits 
if only the peptone is injected in sufficient amount. 

2. The antithrombin content of rabbit blood is examined 
after injection of varying amounts of peptone. It is pointed out 
that, when shock is produced, it is possible also in rabbits to 
elicit an increased formation of heparin-like substances in the 
blood. In addition, it is demonstrated that administration of 
smaller amounts of peptone may give a decrease in the anti- 
thrombin content of the blood. These findings are discussed. 

The studies here reported were carried out with the aid of a 
grant from “Lovens kemiske Fabriks Legat til Minde om Apo- 
teker Aug. Kongsted”. The considerable amounts of thrombin 
required for the determination were generously placed at my 
disposal by Lovens kemiske Fabrik, Copenhagen 
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Antagonism between Bile AcMs and Sub- 
stances Stimulating Smooth Muscle, 
Especially Histamine. 

By 

NILS EMMELIN. 

(Received >?0 Febraaiy 1943.) 


In previous experiments (1941) we have found that the sodium- 
salts of glyco- and taurocholic acids considerably decrease the 
sensitivity of isolated small intestine of guinea-pig to histamine 
(Hi). In this paper a more detailed investigation is made into the 
effect of the bile acids on the sensitivity to Hi of smooth muscle. 
Beside Hi, acetylcholine and Eulee-Gaddum’s P-substance have 
also been investigated. Sodium glycocholate and sodium tau- 
rocholate (SIerck) were used in the experiments. 


Experimental. 

A. Histamine. 

Experiments on small intestine of cat. The experiments were 
carried out on cats under chloraiose. The belly was opened me- 
dially, and a rubber balloon introduced into the gut by means of 
an incision in a section of the jejunum with retained circulation. 
The balloon was filled with water at body temperature, and attach- 
ed by means of a rubber tube to a registering water-manometer. 
The gut and the abdominal wall were closed round the rubber 
tube. Hi was injected at constant rate into a femoral vein. Bile- 
acid solution was injected in the other femoral vein. 
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Kg. 1. Record of jejunal tone and motility (cat, 2.9 kg). At i slow injection of 
^ yl^S and minute) continuing during the whole course of the e.tj)eriment. At 
1 sodium glycocholate (6 mg/kg) was injected and at 2 the same dose after section 
of .the vagi in the neck, the splanchnic nerves and ligature of the suprarenal vessels. 
Between the sections of the tracing there is an interval of 10 minutes. Time-marks 

in minutes. 


Fig. 1 represents an experiment of this Hnd. During injection 
of Hi the motility and tone of the gut were considerably increased. 
The graph shows that injection of bile acid caused a transient 
decrease of both motility and tone. The effect remains after sec- 
tion of the vagi in the neck and the splanchnic nerves, and ligation 
of the suprarenal vessels. 

V In experiments on isolated small intestine suspended in Tyrode- 
solution, the addition of bile acid to the bath also decreased sen- 


sitivity to Hi, this too indicating that the 

In experiments on the whole animal, 
the least dose of Ha-glycocholate and 
taurocholate that had effect was about 
2 mg per kg body weight. 

Isolated small intestine of guinea-pig. 
Pieces of guinea-pig ileum were suspended 
in Tyrode-solution in the usual way. The 
first part of fig. 2 shows an experiment 
with taurocholate. The bile salt consider- 
ably decreased sensitivity to Hi. After 
adding taurocholate up to a concentra- 
tion of 1 : 40 000, the same Hi-dose 
caused a contraction no greater than 
the one resulting from a third of the 
dose before the addition of bile acid. In 
a concentration of 1 : 10 000 the bile 
salt rendered the Hi-dose completely 


effect is peripheral. 



Pig. 2. Guinea-pig’s small 
intestine suspended in 2 cc 
Tyrode-solution. O.OO.'i y Hi 
was added at 1. 0.015 y Hi 
at 2 , 4 and 6. At 3 the bath 
contains sodium taurocho- 
late 1:40 000, and 1:10 000 
at 5. Before 7 the gut was 
washed with Tyrode. 0.015 
y Hi was added at 7, 9, 11, 
and 13. At 8 the bath con- 
tains sodium dehydrocho- 
late 1 : 40 000, 1 : 4 000 at 
10 and 1 : 1 000 at 12. 


ineffective. 


Time in minutes. 
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The anti-histamine effect of taurocholate is still apparent in 
a concentration of 1 : 100 000. The least concentration of glyco- 
cholate that has effect is about 1 ; 60 000. The effect is noticeable 
within the first half-minute after adding bile acid, and is maximal 
after about three minutes. On washing the gut with fresh Tyrode, 
sensitivity soon reappeared. 

Isolated guinea-pig uterus. It was shown. by the same method 
that isolated uterus of guinea-pig also loses its sensitivity to Hi 
after preliminary treatment with the bile salts, 

Bhod-fressure of cat. The blood-pressure in the femoral artery 
was registered under chloralose with a mercury-manometer. Hi 
-was injected into a femoral vein before and during slow injection 
of bile salts, 2 — 5 mg of glycocholate or taurocholate per kg 
body weight and minute caused a slight fall in blood-pressure. 
After infusion of bile acid had begun, Hi (0.3 — 5y/kg) caused a 
rather smaller fall in blood-pressure. The effect of Hi in decreasing 
blood-pressure, is liowever, never completely abolished by the 
bile salts. 

Do bile acids interfere U'itJi the biological assay of Ei? The iso- 
lated intestine and uterus of guinea-pig and the blood-pressure 
of cat are generally used for quantitative determination of Hi. 
In connexion with the observations described here, the question 
arises whether the occurrence of bile acids in body fluids, e. g. 
blood, bile, intestinal content, may interfere with the assay of Hi. 

The blood content of bile acids is not known for certain. Some 
authors (e. g. Rosenthal and Wislicki 1926, Jenke 1939) deny 
that bile acids occur normally, while, others give a normal con- 
centration of bile acid, of c. 1 : 20 000 (Gkeexe and Aldrich 
1927, CoQUELET 1927, LicimiAisr 1938). Considerably higher con- 
centrations have also been given as normal. In jaimdice due to 
stasis, it is said that the concentration may rise to 1 : 5 000 or 
more (Gilbert, Chabrol and Behard 1920, Mtnibeck 1938, 
Gigon and Noverraz 1940). 

If bile acids can occur in these high concentrations in the blood 
it does not seem out of the question that they may interfere with 
the assay of Hi. In determining the Hi-content of bver-extracte, 
which is essential because the liver plays an important part m 
liberating Hi during anaphylaxis, the amount of bile acids in the 

liver may also be a disturbing factor. ■ • -a- 

The following experiments were made. Samples contaunng Hi 
(15— 50y/litre) and glyco- or taurocholate (1 : 20 000—1 : 5 000) 
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in Tyrodesolution were tested on guinea-pig ileum, partly direct, 
partly after extracting according to Code (1937). A definite inter- 
ference of the bile acids could not be shown in any experiment, 
although it could be calculated that a concentration antagonistic 
to Hi was reached in the bath. The explanation probably is that 
Hi causes contraction of the gut so swiftly that the bile acids do 
not have time to exert an antagonistic effect. 

Using Hi-antagonism in biological testing. Fig. 3 is an example 
that the antagonism of the bile acids can be used to demonstrate 
the presence of substances whose acti\dty is 
concealed by the simultaneous presence of Hi. 

The occurrence of Hi in gastric juice has been 
shown by Macintosh (1938). Bloch and 
Nechelles (1938) have found that gastric 
juice from dogs and man contains a toxic 
substance whose chemical nature is unknown, 
and which relaxes isolated small intestine of 
guinea-pig. On testing gastric juice from dogs 
with Pavlov pouch, we have found in some 
instances that after preliminary treatment of 
the gut with bile acids the juice has a relaxing 
effect on intestine of guinea-pig, contrary to 
the contracting effect that would be observed 
due to the presence of Hi in the juice. Fig. 3 
shows an experiment of this kind. 

The effects of bile acids on sympto7ns probably 
caused by liberated Hi. 

1. Snahe venom. Investigations .of Feldbeeg and Kella- 
WAY (1937), Feldberg, Holden and Kellaway (1938) and others 
have shown that various snake venoms form lysolecithin, which 
liberates Hi, from lecithin in the tissues. A number of the effects 
of snake venoms can be accounted for by Hi thus liberated. Snake 
venoms cause among other things a contraction of the guinea- 
pig'’s small intestine. 

In our experiments we investigated whether bile acids affect 
this contraction. Fig. 4 shows an experiment of this kind. Venom 
of Vipera berus was used. Since, as appears from the figme, the 
snake venom causes a marked tachyphylaxy (desensitization), 
the experiment was carried out on two different pieces of gut. 
The figure shows that sodium glycocholate in a concentration of 
1 : 10 000 completely abolishes the effect of the snake venom. 



Fig. 3. Atropinized 
guinea-pig gut sus- 
pended as in fig. 2. 
0.02 y Hi was added 
at 1, 3, and 5. At 2 
and 6, 0.4 cc neutra- 
lized gastiic juice from 
a sham-fed dog with 
oesophagal fistula and 
Pavlov pouch, at 4, 
sodium glycocholate 
1 : 5 000. Time in 
minutes. 
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It will be seen that after the sensitivity to Hi has been re-estab- 
lished by washing (at 9), the snake venom causes (at 11) only 
a slight contraction (similar to that at 3). A reasonable explanation 
of this may well be that the bile acids do not inhibit the liberation 
of Hi, bxit prevent the liberated Hi from causing a contraction 
(at 8). Although the gut does not contract, desensitization occurs 
e. g. because the greater part of the lecithin or Hi available for 

the reaction was liberated when the 
snake venom was added for the first 
time (at 8). 

2. Trypsin. Hocha e Silva (1940) 
has found that in its proteolytic 
actmty trypsin liberates ffi from the 
tissues, and that i. a. the intestine of 
guinea-pig is contracted by trypsin. 
In oiir experiments we found that 
bile acids counteract these contrac- 
tions caused by trypsin. • 

Fig. 4. Isolated guinea-pig gut. 3. Dah-Schultz’s reaction. Libera- 
Two pieces have been used, one , 

for each part of the graph. At tion of Hi in anaphylactic shock 

1, 4, r>, 7, 10, 0.02 y Hi was jiag been described by a number of 

aSc-VcMm. At’G,^kvJyS authors. It is well known that, added 

cholatc 1:10000. At 9, washing to the isolated gut of a sensitized 
and fresh Tyrode-solution. . . , 

Time in minutes, guinea-pig, antigen causes a contrac- 

tion (Schultz 1910, Dale 1913). 

The effect of the bile acids on Dale-Schultz"s reaction was in- 


t 3 9 |i» ^ 7 1 % 

ItMlljmmllLL'JLLLi 11' 1.1 


vestigated. Guinea-pigs were sensitized in the usual way by 
intraperitoneal injection of ovalbumin or horse-serum. Two to 
three weeks later experiments were carried out on isolated in- 
testine, After preliminary treatment with bile acids, antigen 


caused no contraction of the gut. 

Chloride of mercury. In the coagulation of albumen caused 
by mercury salts, a liberation of Hi is considered to occur. In 
perfusion of the gut or liver with a solution containing mercuric 
chloride, Hi therefore occurs in the perfusate (Heubner and 
Bachmann 1937, Heldberg and Ejsllaway 1938). 

In agreement with this we find that HgCla (in cone. 1 : 40 000) 
produced a contraction of the isolated intestine of guinea-pig. 
On adding bile acid, HgCh causes no contraction. 

The active component in the hile-acid molecide. Certain a^o 
acids — histidin, arginin, cystein — decrease the Hi-sensitivity 
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of the guinea-pig gut (v. Ackebmann and Wasmuth 1939). The 
assumption lies to hand that the anti-Hi effect of the glyco- and 
taurocholic acids is due to the fact that the amino acid glykokoll 
and taurin, which closely resembles cystein, are components of 
the molecule of bile acids. But experiments on guinea-pig ileum 
with glykokoll and taurin showed that even in very high concen- 
trations (1 : 200), these substances do not perceptibly diminish 
the sensitivity of the gut to Hi. Experiments on guinea-pig ileum 
with simple bile acids showed that the anti-Hi effect is exerted 
by the simple component of bile acid. Sodium desoxycholate 
(B. D. H.) and dehydrocholate (sodium salt of acidum dehydrocho- 
licum Leo) have been investigated. The least concentration of 
desoxycholate that had effect was about the same as that of 
taurocholate, i. e. 1 : 100 000. Dehydrocholate was the least active 
of the bile salts investigated, not being active in cone, smaller 
than 1 : 7 000. Fig. 2 shows that dehydrocholate is much less 
effective than taurocholate. 

Effect of saponines. It is to be noted that if the four bile acids 
investigated are compared for their anti-Hi effect, the same rela- 
tion is found between them as for the most prominent physical 
quality, the decrease of surface-tension. The idea immediately 
occurs that the change in the muscle-cells brought about by the 
bile acids and expressed in a lowered sensitivity to Hi has to do 
in some way with the surface-activity of the bile acids. To obtain 
some idea of the significance of the surface-activity, it was investi- 
gated whether other strongly surface-active substances have an 
anti-Hi effect. Experiments were made with saponines. A saponine 
that haemolyzed human blood even in a concentration of 1 : 70 000 
showed, when investigated in concentrations of 1 : 100 000 — 
1 : 15 000, no antagonism to Hi. 

In a concentration of 1 : 10 000 the saponine itself caused a 
contraction of the gut. This resembled the one obtained on adding 
snake venom to gut or antigen to sensitized gut. Desensitization 
was also demonstrated. It may be that in his high concentration 
the saponine inflicts on the cells a lesion that results in liberation 
of Hi. 


B. Acetylcholine. 

The effect of glyco- and taurocholate on the sensitivity of 
isolated intestine of guinea-pig to acetylcholine was investigated. 
In a concentration of 1 ; 50 000 these bile acids clearly diminished 
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the stimulating effect of acetylcholine (0.3 y acetylcholine hydro- 
chloride in. a bath of 2 cc). In the same concentration they dimin- 
ished the motor effect on the gut of carbaminoylcholine (0.05 v 
“Doryl Merck” in 2 cc bath). 


C. Substance 3P. 

In extracts of gut and brain, v. Eulek and 6 addt 7M (1931) 
demonstrated a factor, called substance P, stimulating the motor 
activity of the intestine. We investigated the effect of bile acids 
on the sensitivity to this substance of the isolated intestine of 
guinea-pig. In these experiments 0.5—2 units of P-substance caus- 
ed a strong contraction of the gut (in a .bath with 2 cc Tyrode- 
solution). In a concentration of 1 : 20 000, glyco- or tauiocholate 
rendered these doses of P-substance quite ineffective. 


Discussion. 

The experiments show that glyco- and taurocholic acids coun- 
teract the stimulating effect of Hi, acetylcholine and P-substance 
on smooth muscle. It is not apparent from the experiments whether 
this antagonism between substances occurring in the body has 
physiological importance, but it should have methodological 
interest. 

Oide (1920) showed that extracts of lung and the mucous 
membrane of the intestine cause contraction of smooth muscle 
and fail in blood-pressure, and that these effects are weakened by 
bile or bile salts. The experiments described here seem to make it 
likely that the active factor in the extracts was Hi, which can he 
extracted from these tissues in large quantities. 

The antagonism we have found may perhaps be made use of in 
demonstrating substances relaxing the intestine in extracts also 
containing Hi, acetylcholine, or substance P. 

The effects of the bile acids described here resemble the anti- 
histamine and anti-acetylcholine effects of the xanthines described 
by Emmeltn et al. (1941). Like the xanthines, the bile acids only 
partially antagonize the blood-pressure effects of histamine. 

In connexion with the capacity of the bile acids to decrease the 
effect of snake venom and anaphylactic reaction on smooth 
muscle it may be of interest to point out that it has been shown 



ANTAGONISM BETWEEN BILE ACIDS AND SUBSTANCES. 379 

tEao snake venom ias a less toxic effect after tne addition of bile, 
and that many authors h^e ascribed the bile acids a therapeutic 
importance in various anaphylactic conditions (v. Cottet 1939). 

Summary. 

In antagonizing the action of histamine and in surpressing 
anaphylactic symptoms the bile acids have properties similar 
to those previously described for the xanthines. The bile acids 
render smooth muscle insensitive to histamine; they also anta- 
gonize the motor action of acetylcholine and of substance P on 
smooth muscle. The effect of histamine on blood-pressure is only 
partially antagonized by bile acids. 
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In an earlier report one of us (C. M. P., 1942) showed that the 
ripening of reticulocytes into mature red blood corpuscles could 
be accelerated by an as yet untnown substance. This reticulocyte- 
ripening substance is found in plasma and in various organs such 
as spleen, liver and bone marrow. 

The chemical nature of the substance is still unknown but 
Jacobsen and Plum (1942) have shown that the substance met 
wdth in liver consists of at least two factors, one thermostable 
and one thermolabile; the former being identified as tjTOsine. 

"When to the liver extract, which itself contains some tyrosine, 
a further quantity of tyrosine is added, a greater increase is ob- 
tained in the activity of the reticuloyte-ripening substance than 
that produced by the added tyrosine itself. The effect of the 
reticulocyte-ripening substance found in plasma caimot usually 
be increased by adding tyrosine. Since under normal conditions 
the quantity of tyrosine in plasma is small, the question arose 
as to how far the substances found in plasma and liver extract 
respectively were chemically different. 

Jacobsen and Plum (1942) have shown that the reticulocyte- 
ripening substance found in plasma may probably be regarded 
as a coupling betaveen tyrosine or a tyrosine-like substance and 
an as yet unknown thermolabile factor. After a total blockade 
of the reticulo-endothelial system, a large fall in the quantity of 
reticulocyte-ripening substance was found, and this slowly rose 
again when the blockade was lifted. At the same time it appeared 
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that by adding tyrosine to plasma from the animals treated, we 
could obtain normal activity from the plasma. This gave us the 
basis for the assumption that the coupling between tyrosine and 
the reticulocyte-ripening substance occurs in the reticulo-endo- 
thelial system. 

These results made us to test whether the organism is able to 
transform substances which can be activated by tyrosme into 
substances that are no longer capable of being activated. 

In the present paper an account will be given of some investiga- 
tion concerning this point; as substances given to the animals 
we used liver extract, tyrosine and saline. 

Liver extract itself is active, but by addition of tyrosine the 
effect of the reticulocyte-ripening substances is increased. Tyrosine 
iteftlf is only slightly active and after adding saline to the blood 
corpuscles the reticulocytes ripen very slowly (C. M. P., 1942). 

We gave all the substances by intramuscular^injections to rabbits, 
blood samples were taken from time to time and the investigations 
were made on the plasma as earlier described (C. M. P., 1942). 

The ripening index was determined on plasma alone as well as on 
plasma with addition of tjorosine. In this way we determined the amount 
of ripening substances and the amount of ripening substances -f the 
amount of tyrosine activated substances. This shows whether the in- 
jected substances in liver extract are transformed into substances not 
able to be activated by tyrosine or remain as injected. 

We used saline as a control and tjTosine was given to test whether 
the tyrosine content in liver extract is able to liberate some reticulo- 
cyte-ripening substances in the organism or not. 


Hletbod. 

White buck rabbits of 2,500 grammes were used for the experiments; 
their food before arid during the experiments consisted of turnips and 
cabbage leaves. 

Blood samples were taken with the apparatus mentioned by Sjowall 
(1936). Por each determination 8 c. c. blood was taken and stabilized 
with 2 c. c. sodium citrate ( 3.8 %). The determinations of the ripening 
index in plasma were made according to the method described by 
G. M. Plum (1942). The plasma was tested both with and without the 
addition of tvrosine. 


Eesults. 

Loading with liver extract. To each rabbit used for the exper- 
iments was given an injection of 10 c. c. Hepsol fortior »MCO)) 
in the muscles of the .gluteal region, 5 c. c. in each side. 



Tnbollo 1. 

Tho results of the intramuscnilar loading with some substances, active or inactive with regard to the reticulocyle- 
ripening in vitro. The results are given as average of five determinations for each substance. 
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As it will be seen from tbe table, tbe ripening index in plasma 
rises steadily during the first 24 hours and then falls again. When 
a slightly increased ripening index is found after the lapse of 
3 — 4 days, it must be ascribed rather to the effect of the blood 
letting (Plum, 1943) than to the effect of the dose of Hepsol 
fortior. 

By adding tyrosine (0.1 c. c. 1 tyrosine) to the plasma 
samples we find that a short time ( 2^/2 hours) after the injections 
the plasma can be activated and that this property then decbnes 
in the course of about 24 hours. When maximum of directly 
deter m i n ed ripening index is reached 24 hours after the injection, 
no further activation of tyrosine can be obtained. 

These results indicate that the principle in injected liver ex- 
tracts can be transformed into substances of the same character 
as normally found in plasma. 

Loading with saline. As a control 10 c. c. physiological saline 
was injected intramuscularly just as in the above mentioned 
experiment- Thereby a steady rise occurred in the ripening sub- 
stances in the plasma and this was maintained throughout the 
entire period of the experiment. This rise can hardly be due 
to the injection: for, as previously shown, we find a steady rise 
in the quantity of ripening substances in the plasma when an 
animal is anemi^ed by blood letting (Plum, 1943) and this effect 
was indeed xmavoidable by reason of the fairly large quantity 
of blood that is used for each count. On activating with tyrosine 
we see only a slight rise in the ripening index, a rise which does 
not exceed that found for normal plasma and must be attributed 
to the effect of the tyrosine itself. Consequently the injection of 
physiological salt solution shows that the quantity of fluid ad- 
ministered is in no way capable of mobilising the reticulocyte- 
ripening substance in the organism. 

Loading ioith tyrosine. Previous investigations by Jacobson 
and Subbarrow (1935) among others have shown that tyrosine 
is to be found, even if only in small quantities, in liver extract. 
Investigations made in this laboratory have shown that in the 
Hepsol fortior used in these experiments, there was 0.3 % tyrosine. 

We therefore injected 10 c. c. 0.3 % tyrosine solution into the 
muscles and took blood samples as usual. The results can be seen 
from the table. 

Here, just as with the -liver extract injections, we find a rise 
in the content of ripening substances in the plasma for the first 
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24 hours after which a fall sets in. The rise is not however quite 
so high as after liver extract. 

On adding tyrosine to the plasma sample no increase apart 
from what must be attributed to the effect of the tyrosine itself 
is found. It must thus be concluded either that the administering 
of tyrcsine causes a mobilisation of ripening substances already 
found in the organism or that tyrosine can be transformed in 
some way to an active principle. This shows that a part, if not 
the total increase found after injections of liver extract must be 
due to the tyrosine content of the latter. 

All these investigations showed that the substances in liver 
extract activated by adding tyrosiile in vitro, are also in the 
normal organism transformed to active substances and that the 
effect of liver extract exceeds that due to its tyrosine content. 

Summary. 

After injections of liver extract in rabbits, an increase in reticu- 
locyte-ripening substances in plasma is found. In the first 24 
hours after the injection the ripening substances in plasma can 
be activated with tyrosine in contrast to normal plasma and are 
therefore taken to be the unaltered liver substances. 

Injections of tyrosine alone in the same quantities as found 
in the liver extract used, also produced an increase, but exclusively 
of fully activated ripening substances. Controls with saline give 
no rise. 
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CHAPTER 1. 


Introduction. 

Modern histo- and cyfco-chemistry already disposes over a num- 
ber of very sensitive methods for the demonstration and deter- 
mination of certain substances in cell-groups, single cells and even 
parts of cells. A qualitative determination of the distribution of 
certain substances in the cell can be obtained by an examination 
of the distribution of the ash — spodography (see e. g. Baginski, 
7, User, 122). The spodography may be suf)plemented by several 
sensitive qualitative chemical reactions — spot tests (see Feigl, 
54). Quantitative analyses on a histo- and cyto-chemical scale, 
however, can be carried out only for a couple of groups of substan- 
ces, namely, enzymes and substances with a strong natural light- 
absorption. 

For the quantitative determination of enzymes a series of meth- 
ods have been developed by Linderstrdm-Lang and co-workers 
(6, 60, 66, 88, 89). By means of a skilful adaptation to a suitable 
micro-scale and since one enzyme molecule can give rise to several 
of the radicals (e. g. -COOH) that are being determined, titri- 
metric methods can be employed right down to cell-dimensions. 
The determinable quantities are in the vicinity of calculated 

as nitrogen with a minimum error of about 5 • 10~V- To increase 
the sensitivity considerably above that already achieved seems, 
with titrimetric methods, to offer insuperable difficulties. 

With the aid of two physico-chemical methods Linderstrgm- 
Lang has succeeded in extending the given measming scale down- 
wards to the power of ten. The methods he employed are a gaso- 
metric method based upon the Cartesian diver and a method that 
depends upon the change in the speci£ic weight under the influence 
of enzymes (80, 81, 83—86, 125, 129). 

^ The symbol y is here and in the following pages used for inicrogram (one 
millionth of a gram). 
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Caspersson and his co-workers (15-43, 59, 78, 113) have ex- 
ploited the strong natural light-absorption of certain substances, 
especially in the ultra-xdolet wave-length region {nuchic acids, 
protein substances), for the working out of quantitative methods 
for the analysis of cell details; and they are able to determine 
with great accuracy amounts of nucleic acid of the order of magni- 
tude 10"®y. Even in visible light one can get down to extraordina- 
rily small amounts of substance (10'^ hematoporphyrin, 33). 

From the above brief summary it will be seen that the methods 
that are best adapted for the cyto- and histo-chemical scale are 
physico-chemical. Of the physico-chemical methods that are 
used in biochemistry the photometric are probably among the 
most many-sided. In the light of the excellent results obtained 
with micro-photometry by Casperssox and his co-workers one 
felt justified in trying to work out a technique involving the use 
of known colour-reactions on lustological and cytological material, 
which would open up many new spheres of research for quanti- 
tative biochemical investigations. 

As it was from the outset clear that considerable technical diffi- 
culties must be overcome before a micro-technique vrith the desired 
sensitiveness could be achieved, and as at the beginning there was 
no means of telling which colour-reaction might first be applied 
on the intended micro-scale, I deemed it most suitable to limit 
my task to the working out of a micro-photometric technique and 
to the testing of the same on appropriate biological material. 
In part 1 1 have described the working out of a method for deter- 
mining phosphorus for histo- and cyto-chemical analyses; and in 
part II have been given some of the results gained with this method 
on different material. 



PART 1. 


The working out of a method for the histo- and 
cyto-chemical determination of phosphorus. 

CHAPTER 2. 

Principles and theoretical approach. 

The order of magnitude of the amounts of substance occurring 
in a single cell is of course very various. As regards nucleic acid or 
protein, that are always present in comparatively large quantities, 
the amount is probably from about one to about ten per cent of 
the weight. If the specific weight of the cell is assumed to be = 1, 
then a mammalian cell regarded as a sphere with a radius of 
5/i will weigh 5.2 • 10“*y a nucleic acid content of 10 % the 
weight of the nucleic acid wdll be 5 • 10 “ nucleic acid 
phosphorus wiU weigh about 3.5 • 10~®y (62). A cell with ten times 
the above radius would imder the same conditions contain approxi- 
mately 3.5 • 10“®y nucleic acid phosphorus. For a nitrogen-content 
of 12 % in nucleic acid (62) the nucleic acid-N would in the latter 
case be about 6 • 10~^y. It is evident that for cyto-chemical in- 
vestigations we need micro-methods that allow of determinations 
of about a thousandth fart of a microgram and smaller amounts. 
Analyses in this order of magnitude will in the following be referred 
to as the ultra-micro scale, in contradistinction to the hitherto 
commonly used micro-analyses on c. g. phosphorus that deal with 
the order of magnitude ly which will therefore in the following be 
referred to as the microgram scale or simply the micro-scale. 

Among the most sensitive of the colour-reactions are the coeru- 
leo-molybdate methods for the analysis of phosphorus and the 
pyridyl- and phenanthroline-reactions for the determination of 
iron. The limits of error for the Zeiss-Pulfrich photometer used 
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in conjunction with 1 cm. micro-cuvettes are gix’-en as 3-10~-y 
phospliorns (90) and 2-10“V iron (65), which means that the 
tenfold amounts can he determined to wthin 10%. For the 
determination of nitrogen there is a colour-reaction described by 
Berthelot that is about equally sensitive. 

Before the.se reactions can be used for single large cells or a 
.small number of little cells the sensitiveness must clearly be 
increased at least one hundred times. This increase in sensitiveness 
is a theoretical possibility, as is shovm below. The required volume 
for a 1 cm, micro-cuvette used with a Zciss-Pulfrlch photometer 
is 0.2 ml., and if this volume contains 0.3/ phosphorus, then the 
liglit-absorption in the above-mentioned colour-reaction will be 
about 40 % and it can be determined with an error of at the most 
5- -10 %. If one now diminishes the thickness of the layer to 1 
mm., the light-absorption will be only 5 %, but this absorption 
can be measured with an error of only 0.02 % (i. e. 0,45 % error 
in the e.xtinction, see e. g. 33). If the reaction is carried out in a 
volume of l//l~ it is already possible herewith to increase the 
sensitiveness of the method 200 times. AVith a photometric error 
of only 0.02 % in the absorption it would even be possible to 
dimini.sh the thickness of the Layer to 0.1 mm., and thus also the 
volume by a power of ten, and still get just as good measuring 
results on this micro-scale as with the Pulfrich photometer. This 
would mean increasing the sensitiveness by 2000 times, which 
would suffice for many cyto-chemical problems. 

In order to be able to extend the measuring range of the photo- 
metric methods to cell-dimensions according to the above princi- 
ples, it is clearly necessary to liavc firstly a sufficiently sensitive 
apparatus for micro-photometr}', secondly a technique for the 
manipulation of the small sample-quantities, and thirdly a suitable 
method for the pre-treatment of the samples and for the actual 
execution of the colour-reaction, that must take place in the least 
possible volume. These essential conditions will be dealt with in 
the following chapters. And finally, a satisfactory histolo^cal 
technique is required for the taking of the samples. This is described 
in coimection with applications on biological material in part II. 

Two different procedures may be resorted to for the carrying out 
of the necessary pre-treatment of a sample to enable a colour-reac- 
tion in the least possible volume. In the one, the pre-treatment is 

- The symbol ,h 1 is employed to desi^yte a millionth part of a liter (correspond- 
ing to the older designation cubic millimeter). 
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performed in a relatively large volume. The substance to be deter- 
mined.is then isolated, e. g. by precipitation, distillation or the like, 
after which the colour-reaction may be carried out in the volume 
desired. The advantage of such a technique is that the preliminary 
operations can be performed on a handier micro-scale. It is, how- 
ever, necessary that the isolation should be achievable without 
too great a margin of error. 

The other possibility is to work throughout with the smallest 
possible quantities, though this requires greater accuracy in the 
technique to keep the margin of error within the necessary 
hmits. 

As the isolation of phosphate would clearly entail great difficult- 
ies, the other alternative was chosen as the more suitable. In 
principle the analysis was thus to be carried out according to the 
following general schema: 1. Isolation of the sample on a fine needle 
of suitable material (e. g. quartz). 2. Pre-treatment on the needle 
(e, g. extraction, minerahzation, etc.), if necessary with the sample 
in a pendant drop, that is afterwards allowed to dry, so that the 
sample now remains as ortho-phosphate in the dry state. 3. Colour- 
reaction in pendant drop. 4, Transference to a suitable medium 
in a micro-cuvette and photometry. 


CHAPTER 3. 

Apparatus for micro-photometry and its use. 

According to the foregoing discussion, a sufficient sensitiveness 
in the photometry is a conditio sine qua non for the exploitation of 
the volume-decrease and for the extension of the practical range 
of the colour-reactions to cyto-chemical problems. The greatest 
possible photometrical accuracy can be obtained with photo- 
electrical apparatuses where the photo-cell arrangement serves as 
zero-indicator, while the actual measuring takes the form of 
optical compensation — the so-caUed substitution-method. 
Although several writers have described sensitive photo-electrical 
apparatuses, such apparatuses are only in exceptional cases suf- 
ficiently sensitive to allow of light-absorption measurements with 
an error of less than 0.1 %. A discussion of the conditions required 
to achieve high accuracies is given by Deck (46), and the 
most important view-points are also included in a number of 
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turbing variations in tbe strength of the source of light during 
a measurement are obviated. For special cases a high pressure 
mercury lamp P (Philips Philora HP 300) with spectral filter R 
is employed, a 90° prism S being inserted between the exit-slit of 
the monochromator and the semi-reflecting glass D. 

The monochromator is of Winkel-Zeiss manufacture. The wave- 
length range 2d for one sht-unit was determined with a number 
of mercury-lines in the usual way. The values obtained are given 
in table 1. If the shts are on i (entrance-sht) and u (exit-slit) 

Table 1. 


Control of the purity of the light in the monochromator. 


Mercury line used. 

Range of wave-length 
found with slit on 5. 

d for 1 slit 
unit. 

6907 A 

6640—7300 A 

66 A 

6234 » 

6100—6490 » 

39 » 

(5790 » 

5410—6150 » 

37 » 

\5769 » 



5461 » 

5190 — 5730 » 

27 » 

4358 » 

4220—4480 » 

13 » 

4046 » 

3940—4140 » 

9 » 


units, tJie exit-slit will Jet through a wave-length range that is = 
set wave-length ± {i -f u)'d. If one only reckons 75 % of the 
hght-intensity the calculation is simphfied to wave-length range = 
set wave-length rfc «' ' <?• The slits should be set equally. With 
both the shts on 1.5 units, which is- the adjustment that apphes 
where nothing to the contrary is stated, the wave-length range 
that was let through was controlled with a grating-spectroscope. 
The values obtained, together with those calculated as above, 
are given in fig. 2. As the monochromator when adjusted to 7200 
A showed green surplus hght, a filter F, that completely absorbs 
all Ught more short- waved than 5700 A, was inserted for the 
phosphate analyses. 

The optical arrangements comprise an achromatic condenser 
E and an apochromatic objective H num. aperture 0.30 as well 
as total-reflecting prisms I, S, T. For adjusting the object an 
ocular 0 is inserted, that is removed during measurement. 

The light-subduing arrangement. To begin with, a rotating sector 
cut out of sheet-aluminium was used. The sector with motor was 
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/’iff. 2. Tiic correlation between the monochromator-scale and the wave-lengths 
of the transmitted light. Both slits on 1.5 units (x calculated values -—sec text—, 
• values found with the grating-spcctroscope). 


shifted on a slide witli rack and pinion-wkeei, so that tlie necessarj 
amount of light tvas screened off, and the reading could be made 
during the rotation of the sector on the scale attached thereto 
(figure 1, K). This method will serve if no great degree of accuracj 
is required. "WTien measuring with two such sectors with 10 % 
and 20 % absorption respectively for 100 mm. displacement the 
metrological variations are found to be in the vicinity of 0.2 % 
(total absorptions from 2 to 14 %). In order to get the best results 
with this arrangement the ray of light must at the passage of the 
sector be as narrow as possible. For physical reasons it was not 
possible, in the measurements mentioned, to place the sector m 
such a way that the ray of light took up less than 3 mm. on the 
sector. With a better placing of the sector one may thus count 
upon greater accuracy even with this simple arrangement. 

These difficulties are entirely eliminated by the use of a rotating 
sector consisting in principle of two discs rotatable in opposi e 
directions and ^vith two 90° segments removed. With such a sector 
the intensity of the passing light can he varied feom 0 -5 /o- 
The type of sector now used in the apparatus is constructed atte 
the pattern of the exceUetit sector from the ® . 

Berlin. Adjustment and reading may be made while the sector is 
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Fig 3. The photo-cell amplifying circuit. 

L, photo-cells. M, electrometer- tubes. N, galvanometer. Eg, resistance 1.2 • 10“ 
ohms. E(j, grid-leakage resistances 1.1 • 10’" ohms. U, potentiometer for com- 
pensation "when one photo-cell only is used. "Yf Ayrton resistance-box. ■ The 
[figures beside the other resistances indicate ohms. 


in action, and the accuracy in this case is 0.025 % in the absorp- 
tion. A more detailed description of a simpler sector according 
to a similar principle is given by Kortum (72). 

The photo-cell ampliiying circuit. (Figure 3). The amplifier is a 
modification of that described by Custers (44) with 2 Philips 
electrometer-tubes 4060. Each grid is connected with the anode 
in a photo-cell. The grid-leakage resistances are of 1.1 • 10^“ ohms. 
The one grid is, moreover, connected with a potentiometer T.l 
over a resistance of 1.2-10“ ohms. The apparatus can thus be 
used either as a one-cell photometer, when the photo-current will be 
compensated with the potentiometer, or as a two-cell photometer. 
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As zero-instrument, a Zernike c galvanometer (Kipp & Zoonen) 
is used. With, this arrangement the stability-level is 
amperes with a tension-sensitiveness of 10000 scale-divisions per 
volt. By means of an Ayrton-shunt, Y, the sensitiveness can 
where required be reduced to 0.1 and 0.01 of that given above. 
It proved difficult, at first, to avoid external interferences, for the 
building in of the amplifier separately and the batteries separately 
in a cupboard wdth earthed sheet-metal walls proved inadequate. 
TJie whole amplifying unit was then built into a Faraday’s cage 
wuth only one earthing between the two screens. This resulted in 
very satisfactory freedom from interference. For the stability 
it also proved necessary to diminish the number of unsoldered 
contact-spots, and in those cases where unsoldered contacts 
were necessary they were designed as frictional contacts vdth large 
contact-surfaces and several contact-springs. After the introduc- 
tion of these arrangements the amplifier functioned flawlessly in 
daily routine. 

Photo-cells. Photo-cells designed for high isolation and filled 
with inert gas are employed. For the wave-length region 4500— 
5500 A potassium-cells are used, and for the long-wave part of the 
visible spectrum potassium-caesium-cells are employed. 

The 'performantc of the measurement. Half an hour before com- 
mencing the measuring the filament exurrent is switched on to the 
amplifier, and, if the accumulators are newly charged, also to the 
tungsten band-lamp. Before the measurement the object is so 
adjusted that the image of the exit-slit of the monochromator 
appears in the middle of the object. The size of this image is 
0.12 X 0.12 mm. The slit-image is projected right over the photo- 
cell opening (“the measxiring-ceU”) by the objective and the 
prism I, Avhich is movable about an axis in the horizontal plane 
and an axis in the vertical plane. The sector is started, and the 
shutter in front of the measuring-cell is opened. In order to com- 
pensate the photo-current a special compensation-potential is 
added to the grid of the other photo-cell (“the compensation-cell ) 
xvith the help of the potentiometer U (fig. 3) until a definite gal- 
vanometer reading is obtained, suitably the same reading as that 
which the galvanometer showed before the measmcing-cell xvas 
illuminated. After 1—2 minutes the galvanometer reading is 
generally constant to within 0.5 mm. The object is now removed 
with the help of a measuring stage, so that the light is instead 
allowed to pass through the pure solvent (or suitable blank). 
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The light-absorption, of the sample is now substituted by an equal 
light-absorption from the sector, whereupon the galvanometer- 
reading remains the same as the reading that has previously been 
determined. In order to eliminate casual errors the measurement 
is performed several times with the same object. If the absorption 
of the sample is on an average x %, then the extinction 


E = log 


100 

100 ~~x' 


The reproduceability in connection with 


measurements of the same object is of the same order of magnitude 
as the reading- accuracy of the sector, i. e. 0.025 % in the absorp- 
tion. The photometric accuracy is thus sufficient for measurements 
of light-absorption down to 1 % with an error of only about 2 % 
in the extinction. 


The above description applies for measurements in connection with 
which the tungsten band-lamp with large accumulators is used, in 
which case the variations in the light-intensity Ifom the lamp are so 
small that they do not affect the result if the measuring is done rapidly. 
In case of varying light-intensity (mercury-lamp) the apparatus is used 
as a two-cell photometer, a change that does not entail any re-wiring. 
■The photo-current in the measuring-cell is here compensated with an 
equally great p/io<o-current from the compensation-cell Lc by illuminat- 
ing the latter with a part of the light (from the semi-reflecting glass D, 
fig. 1). Variations in the light-intensity of the lamp hereby affect both 
the photo-cells alike, and will therefore not disturb the measurements. 
Thus, when measuring with the apparatus as a two-cell photometer 
the compensation-current from the potentiometer U (fig. 3) is replaced 
by an equally great photo-current from the compensation photo-cell. 
The measurements are otherwise carried out in the same way as de- 
scribed above. 


CHAPTER 4. 

Tile sample-volume and the application of the 
sample for photometry. 

In chapter 2 it was unconditionally assumed that one could 
diminish the reaction-volume as far as the optical measurement 
allowed. Certainly one can, as Benedetti-Pichler (11) has shown, 
handle volumes of the order of magnitude 10 ® /<!, but the requisite 
technique is in this connection of interest only as a curiosity. 
Caseersson (19) has treated in some detail the prime conditions 
for photometry in small drops, and has even succeeded in carrying 
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out such measurements with volumes of about 10"® /il (33). But 
even if it is thus possible both to pipette and photometricaUy 
measure such small sample-volumes, a technique based on this 
would probably be subject to very great errors owing to difficulties 
of manipulation, and it would certainly not be suitable for series 
of determinations. It thus seemed advisable from the outset to 
try to use such large volumes as could be handled more or less 
quickly and surely, and the order of magnitude 1 to ,0.1 [A was 
therefore chosen. In choosing the method of pipetting, a type of 
pipette was first tried from which the liquid was driven out by 
electrical warming. Experiments were also made with a type of 
pipette based upon mechanical pressure with a piston. In neither 
case was the accuracy obtained greater than that which can be 
attained with hand-pipettes of Carlsberg type (see 89), that 
with only 1 //I can show a pipetting error as slight as 1 %. To 
illustrate the pipetting accuracy with hand-pipettes in sizes from 
0.1 to 2 [A some results have been assembled in table 2. With 
volumes as low as 0.1 /d the error® is, however, as emerges from 
the table, so great as already to constitute a practical limit, imless 
it is possible in some other way to measure the volume with greater 
accuracy. 

Theoretically it would be possible to solve this problem by adding 
to the sample a definite amount of a substance with strong light-absorp- 


’ For the statistical treatment of the analytical results the follo'sving methods 
are employed: 

1. The dispersion c is calculated according to the formula a— ± 'where 

a = the deviation from the mean value and n = the number of observations. 

100 . (7 

2. The variation-coefficient j' is calculated according to the formula V = .. 

3. The mean error £(M) of the arithmetical medium M is calculated according 


to £(M) = + 

4. The mean error £(D) for a difference D between tfro mea n values M, and 
JL is calculated according to the formula £(D) = £(Mi— M,) = ± V £(Mi)' + 

5, A difference D between two compared mean values Jh and M, is regarded as 


“none’ 


£(D) ^ 


“probable” if ^ but <3 

D 

“certain” if 

* For the concentration units the following 

Molar concentration = mol. Milbmolar concentration - mmol. 
Normality = n. Slillinormality = mn or meq./nter. 
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Table 2. 

Calibration of micro-pipettes. With the pipette a NalO^ solution teas put 
into excess H^SOt + + starch and the titrated with NaoS-yOs. 


Pipette no. 

1 

2 

3 

4 

fA Na.S.Oa 

4.52 

15.60 

35.79 

14.82 


4.89 

16.05 

36.24 

14.28 


4.84 

15.66 

36.14 

15.07 


5.81 

15.14 

35.99 

15.01 


5.35 

15.62 

37.05 

14.86 


4.66 

15.25 

36.15 

14.76 


4.79 

15.21 

36.22 

14.84 


4.51 

15.39 

36.17 

14.63 


4.77 

15.58 

36.49 

14.67 


4.79 

15.17 

35.83 

14.32 


5.17 

15.52 

36.12 

14.90 


4.66 

15.41 

36.19 

14.72 


4.ii 

15.58 




5.55 

15.36 




4.69 

15.53 





15.63 





15.36 





15.32 





15.18 



Ditto mean 

4.89 

15.45 

36.20 

14.74 

<7* 

0.39 

0.23 

0.33 

0.30 

Na.SoOa milli-normalityt • 

25.9 

25.9 

25.6 

25.7 

NalO., ditto 

925 

925 



Pipette volume ul ... 

0.137 

0.433 

1.00 

2.05 

J-* 

8 % 

1.5 % 

0.9 % 

2.0 % 


* See footnote 3) t See footnote 4) p. 16. 


tion that does not collide witli that of the sample nor affect the sample’s 
colour-reaction. Such experiments have been made with neodymium 
nitrate and the coeruleo-molybdate reaction; but they have not led to 
any improvement on the present stage of the method. 

Besides the pipetting difficulties there is, however, when working 
with these small volumes, another factor of great importance to 
he considered, namely, the evaporation. This was tested by 
weighing drops of water that were hanging on a glass needle of 
the same type as was afterwards used for the micro-phosphate 
determinations. As the experiments in table 3 shoV, the volume- 
variations due to the evaporation are considerably greater than 

2—423740 
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Table 3. 

Loss in weight per minute from water droplets of different sizes. 


Volume /J: 

0.114 

0.442 

1.00 

2.05 

Loss in weight per 





minute mg 


0.048 


0.075 



0.050 

0.074 

0.080 



O.ose 

O.OGO 

0.075 



0.04C 

O.OGG 

0.080 



0.050 


0.080 



0.04G 

0.0G4 




0.050 

0.052 





0.058 




0.05C 

0.05G 

0.085 



0.050 


mmm 



0.054 

0.065 

0.086 



0.052 


HEM 



0.O42 

O.OGC 




0.045 



Ditto mean 

0.031 

1 0.051 

0.0G3 

0.085 

Ditto % of total weight . 

27 

11.5 

6.3 

4.15 


those due to the pipetting. If one reckons that the sample-drop 
is exposed during the performance of the colour-reaction to the 
influence of the air for 30 to 45 seconds the pipetting and evapora- 
tion errors even for 1 fj\ could amount to about 5 %, and rise 
rapidly for smaller volumes. The extension of the practical range 
of the method downwards that the use of smaller volumes would 
represent would thus be illusory. The practical volume-limit for 
the method is therefore set at about 0.5 — 1 //I. 

For the photometrical application of the sample-drop Caspers- 
SON (33) used cyclohexane as an indifferent me^um, while BeivE- 
DETTi-PiCHLER (loc, cit.) Worked with a pendant drop on a glass 
covered with nitro-cellulose and with paraffin oil as indifferent 
medium. Besides these media, also tricresyl-phosphate, triethyl- 
citrate, diethyl-phthalate and benzyl-benzoate were tried; but as 
these did not offer any advantage over paraffin oil only liquid 
paraffin was used thereafter. My own experiments also showed 
the necessity of covering the glasses with a hydrophobic layer to 
prevent the small drops from flowing out. A very good hydrophobic 
layer could be 'obtained with a film of highly nitrated cellulose to 
which certain plasticisers w'ere added. 
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Nitro-ceUulose ■witli a nitrogen-content of 12.2 % (“GN”) and 13 45 <>/ 
(■ ON,”) was teied in difterent solvents and witi about C «Menl 
plasticisers. In order to get an optically satisfactory layer it proved 

suitable to employ solvents vntb rates of evaporation of 11 M when 

that of ethyl-ether is = 1 (Dtobans loc. cit., p. 48), e. g, n-butyl- 
acetate, n-butyl-propionate or amyl-acetate. Suitable plasticisers were 
acetophenone, tricresyl-phosphate, benzyl-benzoate, dia%l-phthalate 
(ethyl-, butyl- and amyl-), especially in combination with butyl-stearate, 
triethyl-citrate or dibutyl-tartrate. These were in the main used in the 
proportions given in Dtjrrans* monograph. 

Oh such a hydrophobic layer the drops assumed an almost semi- 
spherical form, which could, moreover, be shown by measuring 
the diameter at the base. A couple of examples are given in 
table 4. 


Table 4. 

Mmmremeni of ihe diameter at the bases of water droplets of hnown 
volumes on different hydrophobic layers. Volume 0.U2 [il, diameter cal- 
culated for hemispherical shape 1.189 mm. The cellulose nitrate for the 
hydrophobic layers was plasticized with diethyl-phthdlate and butyl- 
stearate. Butyl-propionate [BuPr) or amyl-acetate (AmAc) were used as 

solvents. 


Hydrophobic layer 



CN„ BuPr 

Scale-divisions in the ocular 




micrometer 

320 

32S 

342 1 


326 

344 

314 j 


331 

323 

318 


327 

327 

313 


337 

330 

314 


334 


325 


340 


319 


333 




338 




329 




324 



Ditto mean value . . . . | 

331 1 

334 ( 

321 

Diameter found mm. . . | 

1.32 1 

1.33 j 

1.28 


Although the drops thus assumed a favourable form for photo- 
metry, the measurements proved to be less accurate than measure- 
ments in cuvettes, a circumstance that is probably chiefly due to 
the difficulty of defining the layer-thickness for the drops. For 
the measurements in cuvettes 1 mm. spectrograph cuvettes were 
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employed, so that the thickness of the layer was well-defined. 
Since, however, 1 mm. is quite a considerable layer-thickness 
and requires a volume of several [xX even if end-plates with hydro- 
phobic layer, are used, the following technique was tried, and after- 
wards employed as a routine method: on an object-glass with 
hydrophobic layer are placed two narrow strips of a polished 
covering-glass (hemocytometer-glass) of a thickness of e. g. 0.35 
mm. Between the pieces of covering-glass are then pipetted sample 
and blank-drops, after which paraffin-oil is dripped on and the 
whole is covered with covering-glass. With this technique, even 
with sample- volumes of only 0.15 fi\, I obtained good adhesion 
to the glasses. 

For the checking of the layer-thickness one may resort to dif- 
ferent procedures. For routine use the following technique proved 
suitable. Transversely across the object-glass one draws with 
Indian ink two thin lines, with a space of 1 cm. between. Similar 
lines are then drawn on the covering-glass, with an interval of 
three to five mm. between. The covering-glass is laid on the 
object-glass in such a way that the lines on the two glasses inter- 
sect. One thus has four points of intersection around the sample- 
drop, where the distance from the underside of the covering-glass 
to the upper side of the object-glass can be measmed by adjusting 
the microscope on the two inked lines with the aid of the micro- 
meter-screw. The number of (x according to the micrometer-screw 
multiplied by the refraction-index of the medium gives the layer- 
thickness. The accuracy of this determination was tested by mea- 
suring a glass with inked lines on both sides and comparing the 
calculated thickness with that measured with the micrometer- 
screw. In other experiments spectrograph cuvettes of 0.33 mm. 
thickness were employed, with paraffin and inked lines on the end- 
plates. The results of this test appear in table 5. 

In order to check the suitability of these simple micro-cuvettes, 
the pre-treatment of the glasses and the layer-measurements, 
comparative experiments with photometry were carried out in a 
Zeiss-PuLfrich; photometer and in the new micro-photometer. For 
these experiments the coeruleo-molybdate reaction according to 
Fiske-Subbarow (55) was used, with the reagent-proportions 
given, by Teorebb (116). The readings were always carried out 
between 30 and 90 minutes after the mixing, a period during 
which no significant changes in the extinction could be observed. 
The results may. be seen in table 6, which shows that the photo- 



mSTO- AND CYTOCHEJnCAIi DETERMINATION OF PHOSPHORUS. 21 


TaMe 5. 

Tlie accuracy of the method for measuring the thickness. Measurement 
in micro-cuvette wUh yaraffin {n — 1 . 433 ) and on glass-plates (n = 1 . 51 ) 
toith inked lines on both sides and controlled with covering-glass micro- 
meter. Measuring objective achromatic 40 num. ap. 0 . 65 . Microineter- 
screw of microscope divided in 0.002 mm. 


Object 

Cuvette 

Glass 

Glass 

Glass 

Thickness of layer .... 

0.328 mm 

0.27O 

0.375 

0.385 

Scale-divisions on micro- 





meter-screw 

116.5 

92 

126 

127 


118.5 

89 

127 

129 


114 

89 

126 

129 


117 

91 

126 

130 


113.5 

91 

125 

130 


116.7 

92 

127 

128 


115.5 

91 

122 

127 


116.3 

91 

125 

129 


116.5 

88 

125 

126 


116.5 

88 

126 

129 


116 

91 

127 

130 


116.7 

88 

127 

130 


117.5 

88 

127 

132 


116.5 

88 

124 

131 


115.7 

90 

125 

127 


117.3 

92 

123 

128 


117 

93 

123 

130 


116.7 

89 

124 

131 


116.3 

88 

127 

131 


115.7 

93 

125 

131 


116.7 

90 

125 

132 


117 

89 

125 

132 


117.5 


125 

132 


116.7 


125 

131 


117 


124 

131 


116.5 


124 

131 


117.5 




Mean value 

116.4 


125.0 

129.8 



1.04 

1.7 

1.4 

1.7 

Empirical thickness of layer 

0.333 mm 

0.272 

0.377 1 

0.392 


metrical accuracy on the ultra-micro scale is about as great as 
with the Zeiss-PulErich photometer, although the absorption in 
the former case is less than Vis of found in the latter. 

The experiments show, moreover, the excellent reproduceability 
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Table C. 

Gom'parison beltveen photomelric micro-determination of phosphorus 
{the Pulfrich photometer) and ultra-micro determination according to 
the technique described. Coeruleo-molybdate method: Fiske-Subbarow {116). 
Samples of 0.13 pel were taken from mixtures with the final concentrations 
given, placed in micro-cuvette and measured against blank samples at 
720 mpe, i. e. 708 — 730 mpe {fig. 2) in the micro-photometer. The same 
mixtures were also measured in the Pulfrich photometer with filter S. 72. 
The table contains the calculated values of the specific extinction- 

coefficient. 


Y P/ml 

1.8C 

2.48 

3.10 

3.72 

4.34 

4.90 

5.58 

9.3 

Ultra-micro scale. 

141 

154 

128 

143 

139 

138 

137 

135 


129 

145 

129 

137 

133 

151 

132 

139 


134 

146 

132 

132 

123 

132 

124 

135 


133 

145 

134 

136 

135 

134 

123 

139 


145 

145 

120 

136 

126 

131 

132 

135 


149 

127 

135 

132 

132 

139 

129 

140 


144 

146 

134 

137 

141 

135 

134 

137 


151 

140 

127 

133 

144 

153 

132 

135 


147 

139 


138 

148 

151 

136 

138 


138 

141 


140 

139 

134 

133 

136 


146 

139 


136 


147 

136 

140 


142 

139 


141 


146 

141 


Mean value . . . 

142 

141 

130 

137 

136 

142 

132 

137 



6.e 

6.0 

3 

3.5 

7.8 

8.3 

5.2 

2.3 

Micro-scale , . . 

H 



138 



137 



wm 



141 



136 



136 



138 



138 



142 



141 



138 



136 



144 



143 



146 



148 



145 



140 



140 



140 



145 



145 



141 



135 



136 



137 



138 



140 



137 



135 



136 



138 



133 



133 



138 


Mean value . . . 

138 



140 



139 1 



4.5 1 1 

4.2 



2.7 1 


of tMs phosplioriis method; for although they were performed at 
different times and the reduction reagent (“AhTS”) was renewed 
a couple of times in the series, the value of the extinction-coeffi- 
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cieafc® is in tMs case constant within the limits of error. As the 
agreement in respect of the specific extinction-coefficient between 
the results found with the Zeiss spectro-photometer and those 
found with the ultra-micro method is so convincing, it is clearly 
not necessary to control the specific extinction-coefficient with 
micro-photometry for each new lot of reagents; this control can be 
made with the Pulfrich photometer. 

Although Fiske-Subbarow’s coeruleo-molybdate method is 
undoubtedly very good under favourable conditions, it has not 
become the dbminant method for the photometric micro-deter- 
mination of phosphorus; a number of other coeruleo-molybdate 
methods have been extensively employed. This is partly due to 
the fact that many authors have obtained unsatisfactory results 
with Fiske-Subbabow’s method, and have therefore gone back 
to some older method or worked out a new one. A critical investi- 
gation of the most important coeruleo-molybdate methods is there- 
fore called for. This will be given in chapter 5. 


CHAPTER 6. 

The colour-reaction. 

The colour-reaction that one desires to use for the micro-photo- 
metric determination of a substance should fulfil certain require- 
ments. First of all, the reaction should be specific or at least 
strongly selective for the substance in question. Further, the 
colour should be proportional to the amount of sample used and 
should follow the general absorption law (Lambert-Beer’s law) , 
The colour development should proceed rapidly to a constant level. 
It is also desirable, as regards the micro-photometric procedure, 
that the reaction should be able to be carried out with the fewest 
possible manipulations on account of the risk of evaporation (see 
table 3, p. 18), and that the specific extinction-coefficient should 
be high, whereby smaller quantities can be determined. And 
finally, in the ultra-micro procedure the milieu must not be 
allowed to influence the course of the reaction, or in others words, 

lo 

« According to the absorption law we have E = log -j- == k. c. d., where E is 

the extinction, lo is the intensity of the incident light, and I is the intensity of 
the light after its passage through the sample, k is the specific extinction-coefficient, 
d is the thickness of the layer in cm. and c is the concentration. In the following, 
k is always calculated for the concentration-unit 1 mg. per ml. 
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tlie reaction must proceed in the same way as on the microgram 
scale. 

The coeruleo-molybdate reaction on ortho-phosphate can he 
carried out in several different ways as regards the reducing agent 
etc. In aU cases, however, it holds good that the reaction should 
he not specific hut in a high degree selective. It is othervase given 
only hy arsenate and silicate. Other phosphoric acids do not give 
a colour unless the miheu is strongly acid and the temjierature 
high, in which case they may change into ortho-phosphoric acid 
and react (14). By means of special modifications of the methods, 
however, the effect of arsenate and silicate may he avoided, so 
that the determination is specific. 

As regards the validity of the absorption law, it is theoretically 
possible for deviations to occur, either through the reaction taking 
a different course with different quantities of sample or through 
the presence of other substances or through the reduction of excess 
molybdate (see below), or else because the specific extinction- 
coefficients for the wave-lengths used in the measuring are very 
different (see Kortum, 71, 73, 74). The form of the absorption- 
curve in the coeruleo-molybdate reactions is, however, so flat that 
no deviations from the absorption law are obtained hereby, despite 
the relatively large wave-length range that is used in the Pulfrich 
photometer (filter S. 72), and still less is this the case in the ultra- 
micro procedure. Concerning substances that interfere with the 
different reactions, there are a number of data in the hterature 
(3, 12, 45, 109, 120, 131 and others). In the specific case here in 
question, however, the risks of disturbing effects by foreign 
elements are small. Organic substances are destroyed by incin- 
eration, so the substances that might interfere are inorganic salts. 
These occur, however, in such small quantities, that they do not, 
in fact, affect the reactions. 

The absorption-curve for the blue phospho-molybdic complex was 
measured with a photo-electric spectral photometer. The spectral 
bands employed had a breadth of 14 m/i at 560 mjj, and up to 28 m/i 
at 760 my«. The mean values of the specific extinction-coefficients, k, 
from some such measuring series are given in table 7. 


Table 7. 

TJie dbsoTftion-ciirve for coeruleo-molybdate between 560 and, 760 mix. 

Wave-length rau 560 580 600 620 640 660 680 700 720 

Specific extinction-coefficient . 82 87 100 104 118 123 130 135 ■ 136 

Wave-length 740 760 

Spec, ext.-coeffic 135 133 
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A factor of primary importance in the choice of method is the 
sensitiveness, that may be expressed with the specific extinction- 
coefficient. This shows considerable differences in the different 
coeruleo-molybdate reactions. A survey of the different methods 
shows that these can be divided up into three groups, to wit, 
those that can be carried out with organic reducing agents, those 
that employ previously reduced molybdic acid, and those that 
are carried out with inorganic reducing agents. The list given below 
shows specific extinction-coefficients for some of the most com- 
monly used methods. 


Author 

Spec, extinction- 
coefficient k 

Reduction 

Fiske-Subbaeow (55) 

approx. 150 

Amino-naphthol- 
sulphonic acid 

Bell-Doisy (10) 

» 140—225 

Hydroquinone 

ZlSZADZE (131) 

» 400—500 

Of the reagent 
with molybdenum 

DEEiofes 1927 (49) 

» 400—500 

Of the reagent 
with copper 

DENicia 1920 (47) 

» 700 

Stannous chloride 

Beeekblvm-Chaik, Stoll (13, 114) 

o 

o 

» l> 


Of these methods it will thus be seen that Fisice-Subbarow's is 
the least sensitive, although it is actually a very sensitive photo- 
metric method. According to Urbach (123, 124), Bebl-Doisv’s 
method has a rather higher specific extinction-coefficient,® but this 
added sensitiveness is counteracted by certain disadvantages. In 
this method the phospho-molybdic acid is formed first in acid 
milieu, as is always the case, after which, however, the reaction is 
concluded in allcaline miheu. This entails in the first place from the 
micro point of view unfavourable manipulations, and in the second 
place a risk that silicic acid may go into solution from the glass 
or quartz needle on which the sample is pendant. This method 
has therefore not been included in the tests. 

A method that is intended entirely to obviate the possibility of . 
reduction of any molybdate surplus has been described by ZiN- 
ZADZE (131). The reagent used in this method is a pure coeruleo- 
molybdate complex that does not contain any reducing agent and 
that is strongly blue-coloured. On dilution the conrplex is broken 
down or changed in some other way, so that the colour disappears. 

' According to Tschopp and Tschopf, the colour on redaction with hydro- 
quinone is fainter than with 1, 2, 4-aniino-naphthol-sulphonic acid, and Zam- 
BOTTI gives the specific extinction-coefficient as 142. 
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If phosphorus is present, however, the blue colour reappears, 
though not without the addition of a certain warmth. As the 
method is very sensitive, gives a very stable colour and is simple 
to perform, it seemed promising for adaptation to the ultra-micro 
scale and was therefore submitted to a closer investigation. 

Another very sensitive method, that like ZinzSlDZe’s makes use 
of a pre\'iously partially reduced reagent, was described as early 
as 1927 by Deeig^is (49, 50). Also this method has been investi- 
gated in respect of its suitability for ultra-micro application. 

Finally, the most sensitive of all coeruleo-molybdate methods are 
those that are performed with stannous chloride as the reducing 
agent. Of these, the classical method according to DENioks 
(47, 48) has been thoroughly tested in various forms. Two more 
modern methods should also be mentioned here. They have been 
described by Berenblum and Chain (13) and by Stoll (114) 
respectively. In both of these methods certain sources of error 
(12) are avoided by the isolation of the phospho-molybdic acid 
before reduction by extraction with isobutyl-alcohol and ethyl- 
acetate respectively. These methods are not, however, suitable 
for the ultra-micro scale, as the necessary manipulations — 
extraction, washing, reduction with separations between the 
different phases — even if it should be possible to perform them 
quantitatively on the necessary micro-scale, would in any case 
introduce so many new sources of error that the advantages of the 
procedure would prove illusory — apart from the great increase 
in the analvtic work. 

Other conditions for the suitability of the reactions will be dis- 
cussed in connection with the detailed investigation of each method 
below. 

* * 

* 

Fishe-Subbarovfs method,. — The method of Fiske and Subbarow 
was described in 1925, and it has since then been extensively 
used in biochemistry and in other spheres in a number of different 
modifications (see Tschopp and Tschopp, 120, Manly, 92). 
As I have over a number of years had a favourable experience of 
the method in Teorell’s modification (116), I have employed 
it in the working out of the ultra-micro technique. The colour in 
the reaction is strictly proportional to the amount of phosphorus 
within a big concentration-range (see table 6, p, 22). The colour, 
that is little sensitive to slight temperature variations ( 2 — ^3°), 
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leads at room-temperature witHn 20 minutes to a colour-level that 
subsequently remains unchanged for an hour and a half. Nor- 
mally, the reaction is performed as follows: to the sample is first 
added molybdate and sulphuric acid, so that phospho-molybdic. 
acid is formed, after which the reducing agent is added. This would 
be a certain disadvantage for the ultra-micro, scale, as has been 
discussed in detail above. As there is reason to assume that phos- 
pho-molybdic acid need not be formed before the reduction, but 
that the colour development depends upon a complex formation 
between the G-valent and the 5-valent molybdenum-oxide and the 
phosphate, in which connection the phosphate acts as a catalyst 
(Neigl, 53, see also 12, 120 and others), it should be possible to 
mix the molybdic acid and the reducing agent before the addition 
of phosphate. It proved, also, just as effective to use only om 
reagent (in the following pages referred to as “compound reagent”)’’ 
that immediately before use was compounded of sulphuric acid, 
molybdate and reducing reagent in the same proportions as in the 
normal procedure. This is shown by the experiments in table 8. 

FiskE'Subbabow’s reaction can, however, give bad values if 
the reagents are of poor quality. So, for example, the 1, 2, 4.- 
amino-naphthol-sulphonic acid (“ANS”) tised in the present case 
(British Drug Houses) gave excellent values, while on the other 
hand a preparation from another manufacturer gave neither 
constant values for the specific extinction-coefficient nor in fact 
any reproduceable results at all. The only practical course to 
adopt in this connection is to try out different preparations until 
one finds one that is suitable. The preparation of the reagent has 
always been carried out in the following way. 12 g of sodium 
metabisulphite is dissolved in 80 ml of water, and 0.2 g of amiuor 
naphthol-sulphonic acid is stirred in, after which 2 ml of 20 % 
crystallized sodium sxilphite is added. This mixture is left to 
stand for some hours — generally over-night — after which un- 
dissolved amino-naphthol-sulphonic acid is filtered off. The reagent 
is kept in a dark bottle. According to the original description, 
sodium sulphite is to be added until aU the amino-naphthol- 
sulphonic acid has gone into solution. A reagent prepared in this 
way did not keep so well and offered no advantages as compared 
with the one I employed. 

’ In certain modifications of nsKE-STJBB.«tow’s method the reducing reagent 
must be added before the molvbdate, which makes two lots of reagent inevitable 
( 3 , 107 ). 
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Table 8. 

Conifarison between Fiske-Suhbarow’ s method, normal frocedure {116), 
and the same method vnth “compound reagent”, i. e. the dry sample dissolved 
in a reagent of 1.5 ml 12.5 n HJiOi + 2.0 ml 5.5 % An^MoOt 1 ml 
amino-naphthol'sulphonic acid reagent -f water to 25 ml. Yalues: spec. 

exiinction-coeff., h. 


P in ^ in 25 ml 

k (compound 
reagent) 

k (normal procedure) 

31 

153 

139 


148 

144 


146 

142 


148 

146 


145 

158 


152 

142 


136 

141 

! 

149 

138 


141 



149 


46.5 

152 


1 

j 

137 


I 62 

147 

158 

1 

{ 

144 

146 

1 

\ 

145 

140 

1 

147 

145 

i 

147 

144 

1 

I 

142 

143 

> 

i 

143 



138 



138 



148 


93 

143 



143 



142 



146 



142 


Mean value , . , 

145 

145 



4.55 

[ 6.1 

»• ....... 

3.1 % 

1 4.2 % 


The pmity, too, of the ammoniiim molybdate is of decisive 
importance. "With a preparation designated “purissimnm” it was 
not possible to obtain proportionality between extinction and 
phosphorus-concentration. 

Owing to the diffictilties under present conditions of obtaining ana- 
lytically pure molybdenum preparations, it is advisable to regenerate 
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Table 9. 

DUra-micro . determination of phosphorus as KEJPOi- The values give 
the specific extinction-coefficient Tc. Sample-volume 1 fil. 


P in 

1.75 

3.50 

k 

137 

153 


138 

133 


166 

151 


139 

153 


164 

150 


152 

143 


154 

155 


139 

165 


149 

161 


143 

162 


158 

159 


154 

157 


162 

139 



151 



156 

Mean value . . 

150 

152 

c 

10.4 

8.8 



7 % 

5.8 % 


the molybdate from the sample-solutions after the phosphorus-deter- 
minations. For this purpose the foIIoTving method has proved suitable; 

The blue solution, that contains a surplus of molybdic acid and 
coeruleo-molybdate in solution acidified TOth sulphuric acid, is evapo- 
rated to a suitable volume and decolourized vrith potassium permanga- 
nate. The sulphuric acid is then, neutralized vrith ammonium hydroxide 
and the solution is filtered. The filtrate is saturated with sulphuretted 
hydrogen, after which all the molybdenum is precipitated as trisulphide 
M0S3 by acidification with hy^ochloric acid. The molybdenum-tri- 
sulphide is taken on a filter and washed with distilled water and then 
dissolved in 10 % sodium sulphide. The reddish brown solution is filt- 
ered, and the molybdenum-trisulphide precipitated by addition of 
excess hydrochloric acid. The thus purified sulphide, that is obtained 
as 100 % yield, is placed on a filter, washed with distilled water and left 
to dry. The molybdenum trisulphide is now calcined in a slow oxygen 
current at 500 — ^700°. The molybdenum-trioside is dissolved in con- 
centrated ammonium hydroxide and the solution evaporated in vacuum 
over solid sodium hydroxide. The crystallized ammonium-molybdate 
thus obtained (yield 65 % or more) was ■ always of a satisfactory 
purity. 

The molybdenum-content was determined cerimetrically according to 
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Table 10. 


Ultra-micro determination of 'phosphorus. The significance of the volume. 
The values give the specific extinction-coefficient k. The phosphorus con- 
centration in all experiments = 3.10 y Pfml. 


Volume on photometry jxl 

0.4C 

0.4G 

1.0 

2.05 

k 

136 

175 

137 

129 


158 

148 

146 

135 


179 

153 

136 

143 


129 

169 

142 

150 


118 

183 

152 

142 


125 

141 

156 

137 


144 

170 

144 

149 


167 

137 

147 

157 


100 


129 

150 


151 


157 

150 


133 



142 





138 

Mean value 

144 

160 

144 

144 



23 

17 

9 

8 



16 % 

lO.c % 

6 % 

5.0 % 


Furman and Murray (56). The molybdenum-content was found to be 
approximately 49 %, Nitrogen was determined according to KjeLUAHL 
and amounted to about 14.5 %. This corresponds to the compound 
Am.MoO^ with 48.95 % molybdenum and 14.29 % nitrogen. The 
reagent-solution should therefore be 5.5 % in strength, i. e. 0.28 mol 
in respect of molybdenum, for 5 .% ammonium paramolybdate is 
0.28 — 0.30 mol in this respect. 

Impure ammonium molybdate preparations may be purified in the 
same way, though possibly only one precipitation as M 0 S 3 is required 
for this. 

In order to test Fiske-Subbarow’s method on the ultra-micro 
scale, experiments with the following arrangement were carried 
out. On needles of J ena Gerate glass known quantities of standard 
solutions of primary potassium phosphate were pipetted. When 
the solution had dried the phosphate was dissolved in a drop of 
compound reagent, and the sample-drop was put in a micro- 
cuvette (see chapter 4). Between 60 and 90 minutes after the 
commencement of the reaction micro-photometry was performed 
at 720 m/i. As table 9 shows, the sum of the errors arising in 
connection Avith pipettings, evaporation, measuring of thickness, 
CO our-reaction and photometry (the mean error in a single de- 
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ternuiiatioii) is of tlie order of magnitude 10 % for amounts of 
phosphorus of 1.75 and 3.50 *10“^' 

In order to control the importance of the evaporation, a series 
of similar experiments was carried out with solution in three 
different volumes. As table 10 shows, the greater evaporation- 
effect for the least volume as compared with the larger volume 
is evident from the greater mean error and the higher value of 
the extinction-coefficient. The latter is the case, however, only 
in the one series, so that the evaporation-effect is evidently not 
always necessarily so prominent as table 3 (page 18) might lead 
one to suppose. 

Summarizing, one may say that Fiske-Subbarow’s method is 
well adapted for phosphorus-determinations also on the ultra- 
micro scale. 

A method that in respect of sensitiveness is comparable with Fiske- 
SuBBABOW’s was worked out during an earlier period of these investi- 
gations on the basis of the reaction described by van deb Meuden 
for qualitative use (93). The advantages of the method consist in the 
greater stability of the colour (table 11) and the low acidity of the 
reaction-milieu. The reagent is mixed immediately before use, the 
constituents being I: ml of 1 mol Na 2 Mo 04 -j- 156 ml of distilled water 
-f- 10 ml of 1 n AmF 10 ml of O.i n FeSO^ in O.os n HjSOj. One 
takes 4 volumes of this reagent to 1 volume of sample, so that the 
definitive concentration of sulphuric acid amounts to O.oss n, or less 
than one tenth of the concentration according to Fiske-Subbarow’s 
method. 


Table 11. 


TJie coeruleo-molybiate reaction according to van der Meiile7i’$ principle. 


Reaction period hours 

1 

2 

3 

f 

5 

24 

y P/ml 

Specific extinction-coefficient 

1.24 

149 

145 

149 

146 

150 

l.se 

144 

143 

158 

158 

151 

2.48 

146 

148 

150 

157 

159 

3.72 

143 

147 

149 

148 

150 

4.98 

147 

147 

156 

149 

130 

6.2 

132 

145 

152 

149 

148 


An interesting modification of Fiske-Subbabow’s method was de- 
scribed by ZiNZADZB in 1935 (132). In this method the colour-devel- 
opment takes place at 100° for 30 minutes. The sensitiveness is said 
to be just as great as in Denioes’ stannous chloride method. A con- 
trol-test showed, however, that the specific extinction-coefficient was 
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only soinetMng over half of the value according to the Stannous chlor- 
ide method, ft varied considerably, moreover, both within the same 
series and from day to day. A further testing of this method for use 
on the tdtra-micro scale was therefore considered uncalled for. 

❖ 

Zinzadze's method. — The method of ZmzADZE was described 
in 1930, and it has since found application especially in agri- 
cultural chemistry. The reagent consists of a strongly II2SO1- 
acidified solution of molybdic acid, M0O3, and the next lower 
oxide MojOg. In recent years the method has been investigated 
by ScHRiCKER and Dawsoe (112) and by Gerritz (57), who 
have modified the reagent in order to be able to use the method 
also on strongly salt-containing samples. 

According to the original description, the reaction is carried 
out as follows: the sample is mixed with the reagent, after which 
the whole is diluted with 9 volumes of boiling water so that 
the colour shall reach its maximum. The measuring is performed 
after cooling as comparative photometry. Zikzadze states that 
the colour is very stable (protected from light and air it will 
keep unchanged for over a week) and is proportional to the 
phosphoriis-concentration within the limits 4.4 -lO"® to 4.4 y 
phosphorus per ml. The warming by dilution with boiling water 
is from several points of view scarcely an attractive feature. In 
a later work, however, also other temperature-conditions are 
given to allow' of full development of colour, namely, 20 — 30° 
for three days, 50° for 10 hours, 70° for 3 hours or 95 — 100° for 
30 minutes. It would thus be possible to adapt the method also 
for the ultra-micro scale. 

In the investigation to which I submitted the reaction I first 
studied the dependence of the colour-development on the tem- 
perature and the time when using the original reagent. I here 
confirmed that for a certain temperature a certain Tm'nirmmri 
period was required for the colour to reach its maximum. It 
proved, moreover, that too long a warming leads to a diminish- 
ing of the colour, and also that the colour is not directly 'propor- 
tional to the phosphorus-concentration. In table 12 are given some 
values illustrating this. The reaction-periods in the table give 
the W'arming periods that result in maximum colour. Shorter or 

longer periods give lower values for the specific extinction-coef- 
ficients. 
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Table 12. 

Zinzadze's coeruleo-tnolybdute reaction. Standard phosphate + 0.7 7 nl 
of Zinzadw's original reagent (131) + wafer to 50 ml, heating for a 
certain period at a definite temperature, cooling, photometry. 


i 

j Temperature 

' . 60° 

O 

O 

80° 1 90° 100° 

1 Reaction period 

; 2—14 

2—6 

2-4 ; IVj— 2hrj 20— 60rain. 

1 y P/ml 

j • 

Specific extinction-coefficient 

i 

1 1.24 

f 

395 

403 

* 

406 ; 403 ’ 435 

j l.SC 

392 

392 

400 i 404 421 

i 2.4S 

. i 385 

384 

390 1 395 416 


Next, the relation of the specific extinction-coefficient to the 
concentration of phosphorus was tested for a greater concentra- 
tion-interval, and with colour-development at 60° and also at 
100°; As is shown in table 13, the specific extinction-coefficient 
always sinks vith rising concentration, i. e. the reaction become.s 
more and more incomplete. As, however, this diminishing of the 
specific extinction-coefficient proceeds rectilinearly (figure 4), it 
is possible to calculate the correct specific extinction-coefficient 
Tcc for a certain extinction and thus to calculate the concentra- 
tion. If one plots the specific extinction-coefficient against the 
extinction, one obviously gets he — ho — a. E, where ho is the 
specific extinction-coefficient at the concentration 0, E the 
measured extinction and a the cotangent for the angle between 
the yt-Une and the ordinate (see figure 4). 



Fig. 4. The decrease of the specific extinction-coefficient ivith rising extinction 
in the" method of Zinzadze. (— , — colonr-development at 60°, — x— • colour- 

development at 100°). 


S—42:i740 
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Table 18. 

Zinzadze's reaction. Variation of the specific extinction-coefficient vnth 
the concentration of phosphorus. Colour-development at 60° for 6 hours 
and at 100° for 25 minutes. 


Temp. 

GO’ 

100’ 

Reagent no. 

Z 1. 

Z 2. 


mm 


y P/ml 

Specific extinction-coefficient 

0.37 

451 

f 

1 

441 

443 

I 440 

524 





446 

492 

0.74 

441 

437 

445 

436 

484 




. 

433 

485 

1-12 

430 

424 

430 

414 

466 





428 

475 

1.49 

427 

427 

423 

412 

461 





420 

465 

1.8G 

427 

414 

424 

429 

457 

1 




385 

454 

2.23 

420 

413 

422 

418 

439 





404 

438 

2.60 

413 

410 

413 

392 

435 



* 


39G 

402 

“ 1 

35 

35 

35 1 

56 1 

68 


Despite the more comphcated calculation of the analytic re- 
sult, however, Zii^zabze’s method is as regards accuracy com- 
parable with Fiske-Subbaroav’s method, for the dispersion in 
the specific extinction-coefficient for a certain concentration is 
of the same order of magmtude as in the latter method. For two 
different reagents the procentual dispersion in was for different 
phosphorus-concentrations between 1.35 and 3 %. One thus 
seemed to be justified in trjdng to adapt the method for the 
tdtra-micro scale. 

After the investigation of Ziezadze’s original method the 
composition of the reagent was control-tested, the reagents 
described by ScblRicker and Dawsox and by Gerritz being 
taken as the points of departure. These authors use stronger 
srdphunc acid than Zixzabze, which in certain cases may be an 
ad-vantage; but they employ a smaller quantity of molybdic 
acid. As regards the molybdenum pentoxide, they give -widely 
disparate concentrations as the most suitable. As their investi- 
gations deal chiefly -with strongly salt-containing phosphate so- 
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lutions, the significance of the concentration of molvbdic acid 
and molybdenum pentoxide on pure phosphate sohitions was 
control-tested with the higher sulphuric acid-content in the rea- 
gent as used by these writers. In all the combinations that were 
tested I found the diminishing of the specific extinction-coeffi- 
cient with rising phosphate-concentration. Both with the rea- 
gent recommended by Scheiceer and Dawson and with that 
recommended by Geeritz, this diminishing was considerably 
stronger than was the case with Zinzadze’s original reagent. 
But by increasing the content of molybdic acid and at the same 
time so adapting the content of Mo.Og that the quotient between 
the molar concentration of M 0 O 3 and the normality of MooO; 
(determined by permanganate or cerium titration) was between 
1.5 and 2.0, it was possible considerably to reduce the change in 
specific extinction-coefficient accompanjdng changes in the phos- 
phorus-content. 

The importance of the quotient [MoOgJ/jlVIoaDs] emerges from a 
series of experiments with nine different reagents that were tested 
with five different phosphate-concentrations. All the nine reagents 
had the same concentration of sulphtuic acid and molybdic acid; only 
[MojOs] varied. A resume of these experiments is given in table 14, 
from which it will be seen that the factor a for the calculation of the 
specific extinction-coefficient (see above) is least for those reagents 
haidng the quotients 1.3 — 2.0. 


Table 14. 


Modified, Zinzadze's reaclion. Filial concentration 0.36 n H^SO^, 
0.0027 mol MoO^, Mo^O^ is given in the table, row 2, in in. eg./liter. 


No. of reagent 

n 

2 

3 

4 

5 

6 

7 

8 

9 

Mo.Os .... ran 

1.01 



1.35 




2.22 

2.7 


■ 

2.3 

2.15 

2.0 

D 

1.63 

1,45 

1.22 

1.0 

P/ml 

> 

Specific e.-ctinction-coefficient j 

0.3T 

519 

522 

529 

511 

535 

552 

50S 

597 

682 1 

0.74 

475 

483 


476 

515 

509 

499 

524 

— 

1.24 

436 

464 

462 ! 

491 

469 

480 

484 

493 

511 

l.SG 

418 



431 

461 

496 

476 

472 

478 

2.4S 

407 

424 

431 i 

427 

452 

472 

467 

474 

474 

a 

m 

85 1 

85 i 

SO i 

75 i 

45 i 

45 1 

? i 
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Of these reagents no. 5 was chosen for continued investiga- 
tion. 

It is clearly not possible so to make up the reagent that the 
reaction will be equally complete for all phosphorus-amounts 
also within a small concentration-interval. The favourable re- 
sults with Ziszadze’s original reagent therefore encourage one 
to prefer it to these others. If, however, it is desired to use a 
stronger sulphuric acid, it is clear that one should use a reagent 
that has been made up according to the indications given above. 
A suitable reagent of this sort is no. 6 in table 14. It is prepared 
in the following way: 5.7 g of analytically pure M 0 O 3 is dissolved 
in 100 ml of 36 n H 2 SO 4 (concentrated) during heating. When 
the solution has been left to cool to 150 — 180°, 0.26 g of molyb- 
denum powder is dissolved therein. The reagent when ready for 
use should contain 36 n H 2 SO 4 , 0.27 molar M 0 O 3 and 0.15 n M 02 O 5 , 
and it is employed in the proportions of 1 volume of reagent to 
100 . With this reagent one obtains about as good values as with 
Zinzadze’s original method, as is seen from table 15. The dis- 
persion in the specific extinction-coefficient for one and the same 
phosphate-concentration amounts to approximately 1 — 5 %. 

Table 16. ’ 

Testing of reagent 5 according to table 14. Final concentrations 0.36 n 
HoSOi, 0.0027 -mol M 0 O 3 , 0.0015 n MO 2 O 3 . The values give the sfecifio 

extinction-coefficient. 


No. of reagent 

HHf 

Z. V 2. 

r 

Z. V3. j 

0.37 y'Pjmi .... 

465 

448 



441 

433 

505 


444 

421 

508 

0.71 ” .... 

447 

446 

494 


445 

■ 441 

. 480 


442 

422 

474 

1.24 * . . . . 

453 

446 

485 


426 

426 

477 


443 

419 

473 

1.86 Ji .... 

435 

433 

• 474 


424 

407 

468 


432 

413 

476 

2.48 » 

430 

417 

456 


419 

407 

459 


416 

402 

461 

a 

1 . 21 

22 

40 
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For the adaptation of either method to the ultra-micro scale 
the simplest way was first tried, viz. the sample was dissolved 
in a drop of diluted reagent and the sample-drop put in a micro- 
cuvette, after which the whole cuvette was warmed for the re- 
quired time. Even when the colour-development took place at 
only 50 or 60°, it was impossible to get the hydrophobic layer 
in the micro-cuvette to hold, so the method was abandoned. 
Instead, the following technique was tried: after dissolving the 
sample in the drop of reagent the latter is sucked up in a glass 
capillary, that is then closed by melting. The colour-develop- 
ment can now take place at 100°, which is often suitable. Pre- 
liminary experiments, however, gave very varying results, and 
one suspected that the relatively large glass surface with which the 
sample-drop was in contact during the colour-development might 
have an injmious effect, partly by gmng off disturbing substances 
and partly by diminishing the acidity. In order to investigate 
the diminishing of acidity the following experiment was per- 
formed: on a paraffined surface 7.78 /^l of sulphuric acid was 
pipetted with a semi-automatic micro-pipette (see 89). The drop 
of acid was sucked up carefully in a glass capillary (0.5 mm in- 
ner .diameter), that was then closed at both ends by melting. 
After being boiled in water for an hour the capillary was dried 
and the fluid quantitatively transferred to a 250 //I vessel con- 
taining 80 jul of 0.1 n KIO., and 20 /il of 0.1 % starch-solution. 
After the addition of potassium iodide the released iodine was 
titrated with thiosulphate.- 

For exact iodimetric micro-acid-determinations a correction is re- 
quired, as a certain minunum concentration of the acid is needed to 
release an observable amount of iodine. This correction was deter- 
mined by the titration of 4 known amounts of sulphuric acid with two 
different volumes on the same micro-scale as that used in the experi- 
ments with the capillaries. From the differences between the different 
titration- values was calculated the correction; 0.9 fzl of 0.02 n acid 
is added, per 100 pd of final volume. (Table 16.) 

As a comparison with the boiling experiments precisely similar 
experiments were carried out, but sulphuric acid was transferred 
immediately from the capillary to the micro-vessel. The ex- 
periments are reproduced in table 17. They show that the acid- 
losses on boiling amount to about 0.064 micro-equivalents on an 
average, with variations of more than 100 % of this value. As 
the ready diluted sample-solution in Zinzadze’s original method 
contains 0.25 micro-equivalents of acid per /<!, the acid-losses in 



/<! 0.020 n H:SO,; 


a) 6.57 


b) 13.18 


e ) 19.75 


d ) 26.36 


Thiosulphate consumption in kI 


Serie.s I. Final volume 
approx. 108 //I .... 

( 29 ' 12 ) 

. 0.82 

.0.78 

. 0.74 

5.64 

5.58 

. 5.82 

5.74 

5.56 

. 5.72 

. 5.62 

. 5.68 

• 5.80 

12.60 

12.68 

12.60 

12.50 

12.76 

12.60 

12 . .52 
12.74 
12.46 
12.42 
12.72 
12.60 

19.20 

19.54 

19.26 

19.24 

19.32 

19.34 

19.48 

19.56 

19.50 

19.34 

19.44 

19.46 

25.90 

26.22 

26.32 

26.10 

26.40 

26.20 

25.84 

25.74 

26.20 

26.22 

26.30 

26.24 

Mean values 

5.71 

12.60 

19.39 

26.10 

Calculated consumption* . j 

6.78 

1 13.60 



Differencet | 

4 - 1.07 

1 ! 

1 -r-O.Sl 

i - b 0.'94 

Series 11. Final volume 


Ml 



approx. 212 «1 .... 

5.14 


18.06 

25.23 

( 30 ; 12 ) 

4.80 

mam 

18.54 ^ 

25.40 


5.10 

i 11.78 

18.66 

25.28 


5.16 

11.60 

18.70 

25.70 


5.14 

, 11.70 

18.30 

25.16 


4.66 

11.88 

IS. 58 

25.00 . 


5.14 

11.74 

18.58 

25.10 


5 . 0 S 

11.50 


25.00 



11.80 


25.30 

Mean values 

5.03 

11.70 

18.58 

25.14 

Calculated consumption* . 

6.08 

13.40 

20.04 

26.80 

Differencet 

- M .65 . 

mam 

mmm 


Difference between groups 



1 


I and lit • 

O.GS 

0.90 

O.so j 

1.02 


* From the differences b— a, c— b and d— o it is calculated that W /d 
of H,SO< corresponds in series I to 1.033 /il of thiosulphate, in series II to 

1.017 */d of thiosulphate. The calculated tluosalphate consumption is based 

on these values. , . , , , , o ..n i of 

t From all the differences the mean correction is calculated as U-90 «i 
0.02 n acid per 100 nl, that is thus to be added to the titration-value. 
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Table 17. 

Acid-loss on boiling in glass capillaries. 

Column I: direct pipetting in the test-tube. II: passage via capill- 
ary. Ill: passage via capillary which is then closed by melting and boiled 
in ivater for 1 hour. In group A 0.197 n HSOi was used and the titration 
was made with 0.1 n thiosulphate. In group B 0.05 n acid and 0.0259 n 
thiosulphate were used. The titration-volumes are given in micro-liters, 
and have been corrected for the volume {table 16), that was approx. 170 pd. 



I. 

NajSsOj 

n. 

NajS-Oj 

Loss througli 
capillary pas- 
sage micro- 
equiv. acid 

in. 

Na.S,Oa 

Loss in rela- 
tion to n in 
micro-eqniv. 
acid 

A. 

14.23 

n 

0.086 

13.56 

0.O47 


14.21 


O.Oll 

7.51 

(0.652) 


14.21 

13.63 

0.055 

13.76 

0.027 


13.9S 

14.20 

0 

12.37 

0.166 


13.79 

14.20 

0 

13.58 

0.045 


13.91 

14.03 

0.015 

13.71 

0.032 


14.51 

14.31 

0 

13.48 

0.055 


14.53 

13.92 

0.02C 

13.31 

0.072 


14.20 

14.38 

0 

13.66 

0.O37 


14.11 

14.13 

0.005 

13.05 

O.oos 



14.20 

0 

13.81 

0.022 

Mean 

14.18 

14.03 

O.OIS 



B. 

13.85 

13.11 


7.49 

0.152 


13.75 

13.08 


10.57 

0.072 


13.S3 

13.47 

0.009 

8.59 

0.124 


13.7 s 

13.30 

0.O13 

12.67 

0.018 


13.81 

13.65 

O.ool 

10.27 

0.08 





10.16 

0.0S3 





9.91 

0.0S9 





10.38 

0.077 





11.09 

0.046 





10.09 

0.0S5 

1 Mean 

13.80 

13.3!) 

O.oii 


0.064 


the glass capillaries can explain marked disturbances in the col- 
our-development. 

In order to meet these difficulties it was necessary to use glass 
of the highest quality for the capillaries. The only special glass 
I have so far been able to test is Jena Gerate glass; but although 
this resulted in a decided improvement in the values the varia- 
tions are still so great that the method is of no practical use. 
Table 18 may serve to illustrate this. 
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Table 18. 

Testing of TAnzadze's method on the ultra-micro scale. A suitaHe amount 
of standard KH^POi solution %oas left to dry on a glass needle, and was 
then dissolved in the reagent {1.4 ml of original reagent -}- waier to 100 ml). 
The sample-drop was suclced into a capillary, that was then closed by 
melting. Colour-development for 25 minutes at 100°. Photometry in micro- 
cuvette. The values represent the specific extinction-coefficient Tc. Series 
1 and 3 were carried out on the same day; series 2 and i on another day. 


Amount of P in 

0.82 

1.55 

Ic 

1 ; 

1) 610 

650 

665 

615 

670 

555 

708 

2) 330 

440 

640 

585 

780 

550 

620 

590 

3) 457 

565 

385 

445 

505 

406 

485 

418 

4) 325 

434 

485 

710 

555 

468 

280 

340 

j Mean values 

639 

564 ij 458 

450 


Also with the stronger HaSOracidified reagent 5 (table 14) 
the variations were much too considerable. Owing to the present 
difficulty of procuring special glass it has not been possible to 
complete the investigation. It may, however, already be asserted 
that there is little likelihood of this method proving suitable for 
the ultra-micro scale. 

To sum up, it may be said that Zijtzadze’s reaction is just as 
accurate as Fiske-Subbarow-'s and at the same time about three 
times as sensitive. It is, however, not well-adapted for tlie ultra- 
micro scale. 

Deniges’ method 1927. — The method of Deniges of 1927 
(49, 50), here called the molybdenum pentoxide method, has 
been worked out to replace the instable stannous chloride in 
Deniges’ earlier method vuth a stable reagent. According to 
Deniges’ own description, the reagent consists only of an H2SO4- 
acidified solution of MojOs, that is obtained by the reduction of 
ammonium-molybdate solution with metallic copper. Actually, a 
certain amount of MoC)3 is re-formed by the copper cataly^g 
the air-oxidation of the 5-valent molybdenum in the pentoxide; 
and Deniges himself remarks that jMoOj must be present at 
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the reaction. In the form in which the method is carried out by 
Peeeiba (102), molybdate soluticm is added separately, so that 
the conditions become more well-defined regarding the M 0 O 3 
surplus. In order that the phosphate, molybdic acid and molyb- 
denum pentoxide in the reaction mg,y unite to form the blue 
complex, a certain heating is required. According to DENiohs, 
the sample must be boiled, a procedure that is not possible on 
the ultra-micro scale. When control-testing I have therefore 
followed Pereira’s prescription vdth heating in a boiling water- 
bath. 

According to DENiGjfcs, the molybdenum pentoxide reagent is 
used in such a way that the final concentrations are 0.2 — 0.4 n 
sulphuric acid and 0.003 — 0.006 mol molybdenum. In Pereira’s 
procedure one gets the following definitive concentrations: H 2 SO 4 
0.55 n, M 0 O 3 0.003 mol and MoaOs 0.0011 n. As neither Denig^s 
nor Pereira explains the reasons for these concentrations, and 
as the preliminary test of the two methods did not give the high 
specific extinction-coefficient stated by Pereira, the importance 
of the variations in the composition of the reaction-mixture 
when ready for use was investigated. 

After preliminary experiments, that showed that an acidity of 
0.5 n sulphuric acid is suitable for the reaction, I controlled the 
significance at this acidity of the relation between the concen- 
trations of molybdic acid and molybdenum pentoxide. The results 
of this experiment are given in table 19. From this table one 

^Table 10. 

Testing of Deriiges’ mdlyhdenum-pentoxiie method loith 0.5 n H^SOt 
and variation of the guotient ]^Mo0^f[Mofi^. The concentraiions of M 0 O 3 
are given in mmol and those of Mo^Os in milli-equivalentsfliter. The table 
gives the values of the specific extmetion-coefficient. 


[M 003 ] .... 

0.3 

1.1 

3.2 

1.9 

3.4 

m 



3.35 

3.25 

pio,Od .... 

m 

m 

5 


3.8 

m 

2.95 

2.S5 

1.9 

0.95 


0.11 

0.41 

0.G4 

■ 

0.84 

1.0 

1.1 

Li 8 



y P 'ml 











0.37 

■ Q 

405 

474 

420 

500 

433 

514 

460 

460 

325 

0.7J 

1 ^ 

432 

472 

460 

486 

452 

435 

460 

452 

337 

1.12 

■ ^ 

416 

456 

456 

456 

456 

438 

440 

435 

332 

l.SG 

B Dn 

407 

432 

445 

447 

4.52 

445 

447 

440 

290 

2.4s 


380 

433 

447 

452 

452 

445 

444 

444 

278 
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sees that the specific extinction-coefficient remains on the Avhole 
unchanged even if the quotient [MoOaj.piOjOs] varies from 0.6 

The next thing to be investigated was the significance of var- 
iations in acidity at about the same concentrations of molybdic 
acid and molybdenum pentoxide (quotient about 1). The results, 
that arc given in table 20, show that the sensitiveness for varia- 
tions in acidity is very slight, as the specific extinction-coefficient 
is unchanged for acidities between 0.4 and 0.7 n acid. It appears 
from the two tables that the specific extinction-coefficient has a 
certain tendency to diminish when the concentration of phos- 
phorus increases. In larger series this emerges still more clearly. 
It is thus evident that both Deniges’ molybdenum pentoxide 
method and Zinzauxe’s method have the same weakness, namely, 
that the reaction is more incomplete with rising amounts of 
phosphorus.® In Dekig^s’ reaction this decrement in the specific 
extinction-coefficient is about as great as in Zinzauze’s method; 
but the sensitiveness for variations in the composition of the 
reagent seems to be less. The dispersion in the values for k at a 
certain phosphorus-concentration is also approximately the 
same as in Zinzadze’s method. 

Table 20. 

Deniges’ molybdenutn-pentozide method. The significance of the varia- 
tions in acidity loilli the quotient [Mo0^j[MozO^ — I. The analytic 
values have been recalculated and expressed as the specific extinction- 
coefficient. Total molybdenum-concentration = 5.5 mmol. 


formality HjSO, 

0.3 

Qa 

0.5 

O.c 

0.7 

O.s 

O.a 

1.0 

y P/ml 



■ 






0.37 

243 

340 

515 

487 

460 

487 

473 

337 

0.74 

304 

473 

486 

480 

460 

487 

460 

243 

1.12 

290 

462 

467 

462 

452 

473 

430 

300 

1.8 G 

332 

465 

471 

460 

452 

436 

394 

215 

2.48 

348 

455 

448 

455 

450 

395 

390 

200 


As the molybdenum pentoxide method seems to be less sensitive 
for variations in the reagent, and as a high acidity is favourable 
for the reaction, it was tested on the ultra-micro scale in spite 
of the poor results that were obtained with Zinzadze’s reaction. 

* pEBEiRA states that the colour is directly proportional to the phosphorus- 
content, but I have been unable to verify this. 
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The test was performed analogously with that of Zinzadze’s 
method. A series of these experiments is given in table 21. It is 
evident that the molybdenum pentoxide method according to 
Deniges is also unsuitable for the ultra-micro scale. Since the 
acidity in these experiments is considerably higher than in 
Zinzadze’s reaction and its modification, and since Dexiges’ 
method, as is shown in table 20, is not very sensitive for varia- 
tions in the acidity, the experiment in table 21 shows that it 
must be impurities that go into solution from the glass that pre- 
vent the application of Zinzahze’s and Deniges’ methods on 
the ultra-micro scale. 


Table 31. 

Testing of the molyhdenum-peyitoxide method on (he ultra-micro scale. 
Three different amounts of KHzPOi were dried 07i glass needles and then 
dissolved in a reagent containing 0.7 n S^SO^, 0.002S n Mo^Os and 
0.0026 mol MoOa. The sample-drops were sucked up in capillaries of Jena 
Gerdte glass, which were closed by melting. Colour-developnient for 10 
minutes at 100°. Micro-photometry. The table gives the values of the spe- 
cific extinction-coefficient. 


Amount of P in 10“^ y 

0.5 

1 

1.0 

1 

i 

1>5 1 

1 

i 

! 1 

504 1 

i 

309 : 

322 1 


, 428 

380 ! 

380 


' 1 054 ' 

382 ! 

405 


; 120 

152 ! 

412 


. 490 ; 

480 ! 

i 380 


354 ; 

350 1 

1 350 


1 282- ; 

362 1 

480 


934 1 

550 1 

! 390 • 


254 j 

650 i 

1 330 


! i 

620 1 

! 380 

Mean values 

1 490 

424 

383 i 


To sum up, it may be said that Deniges’ molybdenum pentox- 
ide method is comparable with the other methods tested above 
as regards reproduceability when working with pure solutions. 
For the ultra-micro scale, however, it is, like the allied reaction 
according to Zinzadze, unsuitable. 
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Deniges’ stannous chloride method 1920. — Osmond (100) was 
probably the first to use the reduction of phospho-molybdic 
acid with stannous chloride for the photometric determination 
of phosphorus. His point of departure was the precipitation of 
phospho-molybdate. But not until DenigJis (47) and Wu (127) 
had simultaneously shown that the phospho-molybdic acid in 
the presence of molybdic acid could be reduced selectively with 
stannous chloride was it possible to create a modern photometric 
micro-method. Besides DENIG^:s himself, a large number of 
writers have made contributions to the technique of the method. 
Various stannous chloride methods have also been extensively 
used both in biochemistry and in other fields, especially hydro- 
logy and agricultural chemistry. 

A survey of some common stannous chloride methods shows 
that different authors have employed very different amounts of 
reagent. Especially the concentrations of sulphuric acid and of 
molybdic acid vary greatly. It has frequently been asserted that 
a certain concentration of molybdate requires a certain sulphuric 
acid-content to prevent the excess molybdate from being reduc- 
ed as well. As a rule, however, each writer has only investigated 
the significance of the proportions of reagent within a small con- 
centration-interval around the "optimar* strength. A list of some 
methods is given below. 


Author. 


Final 

c o n 0 e 

n t r a 

t i 0 n of 

H,SO, n 

MoOs* 

mol 

SnCl. % 

Oni.E (99) 

0.135 


0.0014 


0.0012 

RaschkowaK (arsenic, 108) . 

O.IOS — 0.576 

0.0018— 0.0096 

0.0028 — 0.0044 

Atkius (5) 

0.27 


0.00285 


0.003 

Kalle (69) 

0.9 


0.00285 


0.003 

V. WEAirGELI. (126) 

0.22 


0.0031 


0.0075 

TEOt-cn and Meyee (119) . . 

0.40 


0.0057 


0.005 

Paekee and Fudge (101) . . 

0.275 


0.0057 


— 

TeoI’P and co-workers (118) . 

0.525 


0.007S 


0.02 

Deeiges (48) 

0.63 


0.010 


— 

Maijugie and co-workers (91) 

0.5.5 


0.0114 


— 

Peeiestickee (103) 

0.28 


0.0114 


0.00S4 

Bebeeblum and Chaie (13) . 

1.1 


0.02S5 




Kutteee and co-workers (76, 






77) . . . 

1.14; 

0.1 

0.0306 


0.020 

Tkopp and co-workers (118) . 

1.0 


0.031 


0.04 

Goodloe (61) 

1.5 


0.0365 


0.01 


* If ammonium molybdate is given, as the reagent the molybdic acid-content 
has been eaicnlated on the basis of a molybdenum-content of 54.^S % in the salt. 
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A graphic representation of the connection between the 
concentration of the molybdate and the acidity is given in 
figure 5. 

As the recommended concentrations of molybdic acid thus 
vary greatly, the reaction was first tested with the following 
concentrations of molybdate: 0.002, 0.004, 0.008, 0.016 and 0.024 
mol M 0 O 3 (as NaoMoOi) and the sulphuric acid-content was var- 
ied. In these tests the concentrations of phosphate were 0.31 — 
1.24 y P/ml. The combinations that gave approximately direct 
proportionality between the phosphorus-concentration and the 
colour are marked with a cross in figure 5. For less than O.OOS 
mol M 0 O 3 there was in no case any indication of proportionahty 
within the tested concentration-interval, and the specific extinc- 
tion-coefficient sank very rapidly with rising phosphorus-content. 
Nor could variation of the amounts of stannous chloride give 
any improvement. Experiments show that one can choose the 
concentration of M 0 O 3 rather freely as long as one goes over 
O.OOS mol and adapts the sulphuric acid-content correctly. 

The next test comprised a stricter investigation into the sig- 
nificance of varied amoimts of sulphuric acid for a final con- 
centration of 0.010 mol M 0 O 3 . A summary of a number of these 
experiments is given in table 22 . 
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Table 2*2. 


Testing of the stannous chloride method with a final concentration of 
O.OlO mol MoO^ {as Na^MoOi), Variation of acidity and stannous chloride 
concentration. The values give the specific extinction-coefficient. 
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From this it appears, further, that the acidity is the most 
important factor in obtaining a proportional reaction, while the 
stannous chloride may be allowed to vary more -nuthout essen- 
tially changing the reaction. The best results are evidently ob- 
tained with the following jitial concentrations: 0.010 mol M0O3 
and 0.60 n HoSO^. SnCL may be used in the concentration 0.006 % 
(about O.o mn) but also with up to 0.012 % (about 1 mn SnCL) 
good values are obtained. 

Finally, comparative experiments were carried out vdtii these 
reagent-proportions and those given by Kuttnee and his co- 
workers, in which connection Na2Mo04 was tested against AmjMoOi 
as the som'ce of M0O3. These experiments, table 23, show that 
the reproduceability is good in both cases, with a dispersion of 
the specific extinction-coefficient of only about 2 %. The specific 
extinction-coefficient is also slightly different and higher for the 
lower concentration of molybdate. AmjMoOi seems to give a 
greater dispersion, possibly owing to the formation of more 
complex ions. In the sequel, therefore, Na2Mo04 has always been 
used for the reagent. As regards the reaction-period, special 
experiments have shown that the colour reaches its maximum 
within five minutes, and remains thereafter unchanged within 
the limits of error for at least half an hour. One can thus not 
agree with Berenblum and Chain in their assertion (12) that 
what is gained in sensitiveness is lost in certainty. And it would 
obviously be an advantage if the stannous chloride method could 
be adapted to the ultra-micro scale. Attempts to mi.x, as in Fis- 
ke-Subbarow’s method, all the reagents in one, in which the 
sample could be dissolved, showed that the reagent must then 
be mixed anew every fourth minute, for such a reagent Avith 
stannous chloride “stales” so quickly that already after five 
minutes it no longer gives a full colour vdth a phosphate sample. 
Experiments on the ultra-micro scale were therefore at first 
arranged in such a way that the sample on the needle was dis- 
solved in a sulphuric acid-molybdate reagent, after which an 
equal volume of stannous chloride reagent in sulphuric acid was 
added. Here, too, it proved that the stannous chloride “stales” 
rapidly. Already 5 or 6 minutes after the mixing of the reagent 
it was not possible to obtain a complete reduction-effect (colour- 
strength), But if one used at the most three to four minute-old 
reagent the method was practicable. As is shown in table 24, the 
stannous chloride method is as regards reproduceability less cer- 
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Table 23. 

Comparison heliveen the jrrocedure suggested in these pages for the stannous 
chloride method and that prescribed by KuUner and others with O.030 mol 
MoOs, and comparison beliceen Na^MoOt and Am^MoOt as a source of 
M0O3. The table gives the values of the specific extinction-coefficient. 


[MoOj] mol 

O.oio 

0.030 

[B-SOi] n 

O.fio 

1,10 

tSnCl,.2H,0] % 

O.OOG 

0.02 

MoO, from: 

Na.MoO, 

AmjMoO’j 

Xa.MoO, 

Am.JIoO, 

P/inl 


mm 



0.124 

G80 


60S 

bb'2 


62.0 


608 

620 


640 


■ 

552 

0.24S 

6.50 

705 

590 

578 


CAh 

lib 

590 

602 


G45 

672 

.570 

584 

0.372 

620 

690 

585 

516 


650 

684 

580 

593 


660 

670 

585 

589 

0.C2 • 

630 

710 

.548 

605 


630 

718 , 

.580 

605 


620 

702 

564 

690 

0.03 

628 

597 

560 

640 


628 

. GOO 

565 

635 


645 

600 

581 

6.58 

1.24 

635 

670 

553 

614 


650 

674 

.581 

625 


635 

650 

590 

650 

ilean value 

640 

686 

579 

609 



23 

55 

17 

36 



3.6 

8 

2.0 

5.0 


tain on the ultra-micro scale than FisKE-SuBBAEdiv’s method 
(cf. table 9, p. 29). The decisive factor in this connection seems 
to be the period from the addition of the stannous chloride to 
the compound reagent till the solution of the sample in the rea- 
gent. By defining the times more exactly it would appear not to 
be out of the question to diminish the error through the colour- 
development. Apart from this, however, the method is of value 
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Table 24. 

Application of tlie stannous chloride method 07i the ultra-micro scale. 
KHzPOi that had been dried on a glass needle was dissolved in the stannous 
chloride compound reagent [with 0.010 mol MoO^ within 3 minutes after 
the mixing of the reagent. The table gives the calculated specific extinction- 


coefficients. 

P in 10“» y 

0.5 

1.0 

k* 

915 

680 


832 

738 

i 

865 

661 


822 

798 

1 

960 

832 

i 

822 

950 

1 

705 

828 


1280 

748 


995 

873 


1 015 

918 


1000 

873 


898 

918 


1245 

945 

Mean value] 

949 ; 

828 

O' i 

165 j 

97.5 


17-4 %' 

11.8 % 


* The values have not been corrected for the blank value. 

for the ultra-micro scale, as the sensitiveness is more than four 
times as great as in Fiske-Subbahow’s method. 

Summing up, it may be said that Denig^is’ stannous chloride 
method, which is the most sensitive coeruleo-molybdate method 
for the determination of phosphorus, is under suitable conditions 
comparable with Fiske-Subbarow’s method as regards the re- 
produceability on the micro-scale. On the ultra-micro scale the 
reproduceability is not so good, but the method can neverthe- 
less be used if a carefully standardized technique with the most 
scrupulous time-control is observed. 

Sumtnary of the experiments with different coeruleo-molybdate 

reactions. 

A testing on the microgram scale of the four methods that 
might come into the question for adaptation to the ultra- micro 

4— 423740 
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scale showed ail four to be about equally good in respect of re- 
produceabihty. Tests on the ultra-micro scale gave the follow- 
ing results: 

1. FisJce-iSubbarotv's method, gives relatively very good values, 
and the method can easily be employed for series of determina- 
tions (tables 9 and 10, pp. 29 and 30). 

2. The considerably more sensitive methods according to 
Zinzadze and Beniges, that use a reagent with already re- 
duced molybdic acid, and for which a raised temperature is 
required for the colour-development, can certainly be technic- 
ally adapted to the ultra-micro scale, but the reproduceability 
is so strongly reduced that these methods cannot be considered 
suitable (table 18, p, 40, table 21, p. 43). , 

3. Beniges^ stannous chloride method, finally, which is the 
most sensitive, can be used on the ultra-micro scale, but the 
reproduceability easily becomes worse than in Fiske-Subba- 
BOw’s method (table 24), which is due to the increasing '’in- 
activation” of the reagent with time. This also makes the more 
laborious for series of determinations. 

As the standard method for the colour-development on the 
ultra-micro scale, therefore, Fiske-Subbarow’s method has been 
employed. Also the stannous chloride method has been used for 
amounts of phosphorus of less than 10“V* 


CHAPTER 6. 

Mineralization and other preparation.s 
for the colour-reaction. 

In the previous chapters it has been shown how an extremely 
small amount of phosphorus as ortho-phosphate can be deter- 
mined with the aid of a suitable micro-technique and the sensitive 
coeruleo-molybdate reaction in a suitable form. In order to get all 
the phosphorus in an isolated, biological material into the form 
required for the determination it is necessary to carry out minera- 
lization. On the micro-scale this may be done equally well dry or 
wet (64). In an earlier period the dry mineralization (ashing) 
was probably most commonly employed, but during the last few 
decades there is ho doubt that wet combustions have been more 
and more widely used in biochemistry, especially Neumann s 
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sulphuric acid-nitric acid method (96) and the perchloric acid 
method of Lematte, Boinot and EIahane (79) as well as modifi- 
cations of these. In this particular case, where the sample is on a 
fine glass tip (page 4 and fig. 7, p. 55), it is, certainly, not impos- 
sible to carry out a wet nodneralization with a hanging drop of the 
digestion-acid; but dry ashing would seem a priori easier to carry 
out. As after the mineralization the digestion-acid must be totally 
removed, which may give rise to losses of phosphorus (9), ashing 
should be even better than wet mineralization. For these reasons 
I elected to try out in the first place a method for ashing under 
dry conditions. 

Several methods have been described for ashings in connection 
with the determination of phosphorus. According to Hance (63), 
the ashing is performed without additions at 400°. In the majority 
of methods, however, a surplus of cations is added, as otherwise 
losses of phosphorus may arise. Thus, Taylor and jMiller (115) 
use sodium carbonate, Neubaiter (95), Bien and Herschdoerfer 

(104) and others add calcium acetate, while Pien and Weissman 

(105) prefer magnesium acetate. Ashton (4), Boepke (110) and 
others use magnesium nitrate. Goodloe (61), finally, recom- 
mends zinc oxide. The ashing is generally performed at a faint red 
glow corresponding to a temperature of 500 to 600°. A closer study 
of the influence of the temperature seems to have been made only 
by Ashton. He states that up to 600° there are no losses, even 
without addition of cation-surplus (for plants). At 800° there is 
a loss if magnesium nitrate is not added, and at 1 000° there is a 
loss even in the presence of magnesium nitrate. Torok (121) 
asserts that the phosphates of the alkaline earth metals do not 
volatilize at the temperature of the Bunsen flame (1870°). Ba- 
GiNSKi (7) mentions that ortho-phosphates of the alkaline metals 
give pyrophosphate at 500°, while the calcium-phosphate and 
the magnesium-phosphate remain unchanged. He does not, how- 
ever, adduce any analytical evidence for this statement. 

In a series of experiments on micro-ashing of samples on a 
quartz needle in a micro-furnace of clear quartz, where the course 
of the ashing could be followed through the microscope, a rapid 
and complete ashing was obtained at 500 to 600°. The yield of 
phosphate, on the other hand, varied considerably. A stricter 
investigation of the ashing conditions was therefore carried out. 

Into tubes of quartz or Jena Gerate glass were pipetted different 
amounts of a 10 mmol KH 2 P 04 -standard as well as various addi- 
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tions. This was followed by drying in an air-thermostat at SO- 
HO", after which ashing for 1 hour was carried out at 500° in a 
muffle-furnace. After cooling, a number of samples to which had 
been added excess calcium acetate were dissolved directly in the 
compound reagent according to I’iske-Subbabow, but only 
between 16 and 45 % of the phosphorus was recovered in this 
way. As this miist be at least partly due to anhydrization of the 
ortho-phosphate, the samples were in the sequel always dissolved 
in 1 n hydrochloric acid, that was evaporated to dryness in the 
air- thermostat at 100° in order to get a complete hydrolysis of the 
pyro- or metaphosphate formed. 

This was followed by a systematic testing of the significance 
of a cation-surplus with sodium, calcium and magnesium in the 
form of acetate. Sodium acetate gave in all the tests too low values. 
With calcium and magnesium, on the other hand, a suitable sur- 
plus gave satisfactory values. A series of experiments with addi- 
tions of calcium acetate is reproduced in table 25. As appears from 
this table, it is not possible under the conditions that applied to 
recover the phosphate completely if no extra cations are added. 
With a low surplus of calcium, however, still lower values were 
obtained. Only with a big surplus of calcium does one recover the 
phosphorus more or less completely (95—100 ,%). A very big 
calcium surplus, on the other hand, gives a poorer recovery for 
the bigger quantities of phosphorus. With such quantities of 
phosphorus it is therefore practical to add such an amount of 

Table 25.J 


Significance of the cation in incineration of pjiosplutte. EHJPOi -f- 
addition incinerated for 1 hour at 500°. Hydrolysis with 1 n HGl. Dis- 
solving in compound reagent according to Fiske-Subbarow's method. 


Multiples of amount of 
CaAc. equivalent to the 
phosphorus 

0 

2 

4 

8 

12 

16 

20 

Amount of phosphorus in y 

Amt. of phosphorus recovered in y 

31 

17.8 

13.0 

30.0 

30.3 . 

■ 

29.9 

29,4 

30.7 

» 

17.4 

12.9 

30.G 

29.7 

30.2 

30.6 

32.1 

62 . 

26.G 

24.3 

60.5 

59.7 

58.3 

59.3 

59.0 

» 

38.7 

24.2 

61.0 

60.3 

59.0 

60.O 

60.0 

93 ......... . . 

72.3 

54.7 

89.5 

89.2 

86.5 

85.0 

.85.0 

6 

69.6 

56.2 

90.2 

90.O 

85.7 

84.4 

85.0 

average % recovered P 

62 

47 

97.6 

96.7 

94.7 

95 

94.7 
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calcium acetate that the surplus for the highest expected phos- 
phorus amount is 4 — 5 times as much as the amount req^uired for 
the complete formation of tricalcium phosphate. 

In order to show that the losses of phosphorus according to the 
above account are not due to incomplete hydrolysis of pyro- or 
metaphosphate, special ashing experiments were carried out. The 
points of departure for these experiments were potassium pyro- 
phosphate and potassium metaphosphate respectively, with 
addition of a big surplus of sodium or calcium acetate. A number 
of such experiments are reproduced in table 26. As is shown by 
these results, the recovery is good only where calcium has been 
added. It is therefore probably not the pyro- or metaphosphate 
formation as such that causes the ashing-losses when the cation 
surplus is insufficient, but some by-reaction the nature of which 
has not, however, been made the subject of closer investigation. 

Table 26. 


Ex'periments on tlie recovery of phosphortis in connection iviih incinera- 
tion of pyro- and, nieta-phosphate with and without cation-surplus. 


Multiples of amount of 
cations equivalent to the 
phosphorus 

K,P,0, 

KPO, 

8 NaAc 

8 OaAc, 

8 NaAc 

8 CaAc, 

Amount of phosphorus in y 

Becovered phosphorus in y 

in KjPjO, 

in KPOj 





30.6 

23.i 

16.0 

27.S 

20.1 

20.7 



18.3 

29.8 

18.1 

21.2 

58.0 

46.0 

25.2 

56.6 

25.2 

42.9 



28.4 

hl.o 

27.8 

44.4 

86.0 

66.0 

31.2 

85.1 

46.0 

64.5 



40.O 

86.1 

46.8 

63.7 


As has already been mentioned, magnesium acetate has the 
same effect as calcium acetate. To exemplify this there are given 
in figure 6 some ashiug experiments with thymo-nucleic acid 
(prepared according to HAMMABSTEjtr, 62) and with casein with in 
some cases calcium acetate and in other cases magnesium acetate 
as the addition. In the choice between calcium and magnesium 
the colour-development is thus decisive. Calcium has the dis- 
advantage that with the sulphuric acid in the reagent it can give 
rise to ^ficultly soluble calcium sulphate. With the concentra- 
tions of calcium here in question, however, the risk is not so great, 
and in the actual experiments no clouding by calcium sulphate 
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was observable. As regards magnesium acetate Goovloe asserts 
that it interferes with tbe colour-reaction. Tbis bas not been tbe 
case in my experiments on tbe micro-scale, but in experiments on 
tbe ultra-micro scale tbe colour obtained was in some cases several 
times as strong as was expected. For this reason the addition 
of calcium acetate was chosen as tbe standard method for tbe 
micro-ashing. 



to 30 SO 70 Y 

Phosphorus taken 


Fig. 6. Recovery of phosphorus after ashing of aamples with ndded calcium- 
acetate or raagnesium-acetate. (o casein plus magnesium-acetate, x casein plus 
calcium-acetate, A thymonucleic acid plus calcium-acetate, ■ thymonucleic 
acid plus magnesium-acetate). 


The application of tbe above-described ashing technique on 
tbe ultra-micro scale occasioned no difficulties. The problem of 
carrying out hydrolysis for 1 hour at 100*^ with 1 n hydrochloric 
acid and at the same time maintaining the isolation of the sample 
was solved in the following way. After the ashing, one drop of 
1 n hydrochloric acid is pipetted onto each glass needle and the 
needle is inserted into a closed water-containing chamber at 100°, 
which is thus saturated mth vapour. The drop of hydrochloric 
acid remains unchanged, or diminishes only slightly in volume 
in the course of an hour. If suitable, the period for the hydrolysis 
can be , extended even considerably longer. The arrangement is 
illustrated in figure 7. 

In order to control the ashing and the hydrolysis a complete 
analysis with pure mono-potassium phosphate was performed. 
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Suitable amounts of standard solutions of KH2PO4 were pipetted 
onto quartz needles on wbicb 1 5 millinormal calcium acetate 

had been allowed to dry. After the samples had dried the needles 
were placed in suitable holders, which were then placed in a tube- 
shaped muffle-furnace. When the current had been switched on 
for 30 minutes the temperature in the furnace had risen to 500 — 
525°, after which in the course of 2 hours it sank to 100°.® When 
the holders had been taken out and cooled 2 ^1 of 1 n hydrochloric 
acid was pipetted onto each needle, and the holders were put into 
the hydrolysis-chamber for an hour. On being taken out, the 



Fiff. 7. Apparatus for micro-hydrolysis. 

A, steam mantle, B, chamber of hydrolysis. C, holder with quartz needles. D, water. 

sample-drops were evaporated at room-temperature. The samples 
were then dissolved in the compound reagent according to Fiske- 
SuBBAROAv’s method, and micro-photometry was performed. The 
blank- values were determined parallel with the phosphate samples 
and the appropriate correction was made for all the analytic 
values. The results of some such experiments are given in table 27. 

From this table it appears that the total mean error in 
a single determination has been more than doubled by the 
ashing and hydrolysis errors as compared with other errors 
(table 9, p. 29). Further, these values show a strong, more or 
less rectilinear diminution in the specific extinction-coefficient 
with rising amounts of phosphorus. This diminution is found also 
in experiments carried out with the same technique but with colour- 
development according to Denig^is’ stannous chloride method, 
table 28. As this condition is found in all series after micro-ashing 
but not with direct phosphate analysis, it must be ascribed either 

' The temperature during the ashing was controlled with a thermo-couple 
continuously during all the experiments. The thermo-couple was calibrated 
with some fixed temperatures in the usual wav. 
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TaMo 27. 

Reproiuceability in connection with phosphorus-determinations on the 
ultra-micro scale. KHJPOt with incineration, hydrolysis and colour- 
development according to Fishe-Subbarow’s method. The table gives the 
specific edinction-coeffieienls calculated from the analytic values. 


P in 10 

1.0 


t 

2.S 

‘ 

3.8 

5.0 

k 

105 

119 

107 

125 



190 

171 

107 

118 

96 


19G 

82 

175 

115 

112 


176 

128 

140 

128 

91 


134 

153 

118 

134 

138 


187 

140 

175 

136 

97 


109 

155 

■E9 

168 

128 


154 

141 

Bn 9 

141 

137 


164 

134 

154 

115 

125 


124 


155 

142 

125 


109 

126 

142 

129 





151 

137 



111 


139 

92 



119 


146 

144 

147 




151 1 

151 

136 


178 


142 

163 j 

139 


156 



160 ! 

95 


144 


BBB 

162 1 

125 


111 



96 j 

117 




i 

1 

j 

118 

Mean value 

144 

146 

136 

132, 

121 

«■ 1 

32.4 1 

27 

23.4 

23 1 

16.0 



22.5 1 
1 

18.5 

17.2 1 

17.5 1 

13.7 


to loss of phosphorus on ashing or to the arising of disturbing 
substances or else to incomplete hydrolysis. The only foreign 
element that can come from quartz needles is sihcic acid, but this 
is precipitated by the hydrochloric acid on hydrolysis, and can 
thus not be the cause. The slight amount of calcium that is added 
can according to experiments on the micro-scale not cause this 
change. The most probable explanation is therefore that a 
certain amount of phosphorus is lost on ashing, and in addition 
to this, some of the phosphorus is not recovered owing to incom- 
plete hydrolysis. Experiments with milder ashing and stronger 
hydrolysis have not, however, led to any improvement in this 
respect. 
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Table 28. 

Reproiuceability in connection with phospJiorus-deterfnination on the ultra- 
micro scale. KHJPO^ determined after incineration, hydrolysis and colour- 
development according to the stannous chloride method. The table contains 
the specific extinction-coefficients k, calculated from the analytic values. 


Phosphorus in 10"’ ■/ 



hlean value 


0.25 

0.5 0 

0.75 

1.0 

1070 

950 

667 

735 

1030 

815 

630 

543 

830 

815 

771 

610 

517 

637 

660 

699 

640 

850 

645 

619 

612 

804 

665 

669 

565 

600 

610 

678 

512 

690 

605 

669 

685 

746 

705 

749 

856 

445 

590 

642 

1070 

547 

758 

889 

768 

815 

572 

689 


1010 

705 

568 



733 


765 i 

748 

666 

675 

209 i 


26.8 

86.5 



Extincttony'cm 

Fig. 8. The decrease, of the specific extinction-coefficient with rising extinction 

on the ultra-micro scale. Method of Fiske and Subbabow • , ordinates 

to the left. Stannous chloride method O , ordinates on the right side. 

Reaction volume 1 u\. 
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In order to be able to calculate the amount of phosphorus in 
a sample it is evident that the specific extinction-coefficient must 
be determined for the extinction found. This can either be carried 
out in the same way as has been described for Zikzadze’s reaction 
(p. 33) or bj graphic calculation from figure 8, that has been 
drawn on the basis of the analyses in tables 27 and 28. Owing to 
the great analytic error, it is, further, necessary to perform many 
analyses on individual samples in each kind in order to bring out 
possible differences on comparing two different objects. The 
method that has been described in the foregoing is suitable in 
this respect, as it is well-adapted for series of analyses. 


CHAPTER 7. 

Instructions for the determination of phosphorus 
on the ultra-micro scale. 

In the foregoing chapters the working out of the details for 
analyses of phosphorus on the ultra-micro scale has been des- 
cribed. For easy reference, short instructions for the different 
phases as well as a number of operations that precede or follow 
the various stages of the actual determination are given in the 
present chapter. 

Preparation of glass. For the isolation of the samples, fine 
needles with slightly thickened points are used. The needles are 
made of quartz or supremax glass (Schott, Jena). The needles 
are cleansed by boiling in 2 n nitric acid and rinsing in distilled 
water. Onto the point of each needle is pipetted 1 of a 5 milli- 
normal solution of CaAc., in order to ensure a suitable surplus 
of an alkahne earth-metal ion for the ashing. The importance of 
the calcium surplus is dealt with in chapter 6. 

The object and covering glasses for the photometry are pre- 
treated in the following way; on the thoroughly cleaned glass (alco- 
hol-ether and, if necessary, chromic acid -sulphuric acid mixture) are 
poured some drops of a solution of 1 g of highly nitrated cellulose 
(nitrogen-content about 13 %) -f- 0.1 g .of diethyl phthalate 
-f- 0.01 g of butyl stearate in 100 ml of butyl acetate. The glasses 
are placed atilt in special frames and left to dry for at least three 
days in a place that is free from dust. If a drjung drum with an 
electric fan is used the drying time can be considerably reduced. 
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When the glasses are drj, two fine lines are drawn with Indian 
ink over the hydrophobic layer. The distance between the lines 
should be about 10 mm on the object-glasses and about 4 mm on 
the covering glasses. So that it may be easier to focus the inked 
lines sharply in the microscope it is advisable to use diluted ink, 
when some of the grains will always be so spread out that one can 
focus on these. The hydrophobic layer is necessary to prevent the 
drops from spreading out on the glass. If celluloid plates are used 
instead of an object-glass then no special layer is required, but 
on the other hand they are not so optically homogeneous. 

Pre-treatment of the samples. The samples are isolated on the 
quartz needles according to a method suited to the material (see 
Part II). If the isolation has been made in water-solution, in which 
case there is no point in pre-treating the needles 'with calcium 
acetate, one pipettes 1 pi of 5 millinormal calcium acetate solu- 
tion onto each needle "ivith sample and leaves to dry in air. 

For mineralization the needles are placed in a cold muffle- 
furnace that is then heated for a certain time (for the furnace I 
employed, 30 minutes) until the temperature has reached about 
500°. The furnace is then allowed to cool with the samples in. 
Alternatively one may leave the needles in the furnace for 20 — 30 
minutes at a temperature of 500° and then take them out. With 
all the tested material this method gave complete combustion 
of the organic substance, so that the sample afterwards contained 
only inorganic salts. The phosphorus occurs as ortho-phosphate 
and to a certain extent as pyro- and possibly also meta-phosphate. 

Hydrolysis is therefore performed. Onto each needle one pipet- 
tes 1 to 2 jwl of 1 n HCl, after which the samples are placed in the 
hydrolysis-chamber at 100° for one hour. (Figure 7, p. 55.) If the 
drop of hydrochloric acid should have evaporated already in the 
hydrolysis-chainber then the hydrolysis should be repeated. The 
drops of hydrochloric acid are then evaporated to dryness at room- 
temperature. All phosphorus should now occur as ortho-phosphate, 
and the sample is ready for the next step. 

Colour-reaction and photometry. If the expected phosphorus- 
amounts are under lO'^y one employs Denig^s’ stannous chloride 
method, but with amounts of and over it is more suitable 
to use Fiske-Subbaeow’s method, that is easier to work with. 
For the first-mentioned method the following reagent is employed; 
to 10 ml of a solution of 0.010 mol sodium molybdate in 0.60 n 
sulphuric acid one adds 0.05 ml of a 0.2 n solution of stannous 
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chloride in concentrated hydrochloric acid (2.5 % SnCla- 2 H 2 O 
gives about this titer). This compound reagent can only be used 
within the three first minutes from the addition of the stannous 
chloride. The compound reagent according to Fiske-Subbarow's 
method is prepared by mixing 24 ml of a solution of 0.022 mol 
molybdic acid (as ammonium or sodium molybdate) in 0.75 n sul- 
phuric acid with 1 ml of the amino-naphthol-sulphonic acid reagent 
descriped on page 27. The mixture is usable for at least an hour. 

Immediately before the colour-development the object-glasses are 
placed on a suitable plane surface with two pieces of covering glasses 
of about 35 mm thickness along the long-sides. Near one of the inked 
lines is pipetted a drop for comparison, for which the reagent may 
be used. In the present investigation, however, I used as a rule 
0.75 n sulphuric acid, that reacts in the same way to the hydro- 
phobic layer, while pure water gives a somewhat varying opales- 
cence at the boundary of the layer. The sample is then dissolved 
in a suitable volume of compound reagent — in general the 
volumes 0.6 or 1.0 pi have been used, in which connection the httle 
drop is ))mixed)> on the needle-tip with the point of the pipette for 
10 or 15 seconds. During the following 15 seconds the drop is 
transferred by means of the needle to the object-glass, where it 
is placed in a row with the comparison-drop at a distance of a 
few mm, i. e. beside the other inked line. Some drops of liquid 
paraffin are pipetted around the sample- and comparison-drops, 
and the covering-glass is laid on in such a way that its inked 
hnes intersect those on the object-glass at four points, between 
which the drops lie. With a little practice one can carry out the 
manipulations from the pipetting of the compound reagent to the 
laying on of the covering glass in 35 or at the most 45 seconds. It 
is of importance to observe the same conditions for all samples 
so that the evaporation-effect will be the same (cf. table 3, p. 18). 

If the staimous chloride method is employed, the photometry 
can be carried out already five minutes after the commencement 
of the colour-reaction, and it should be finished within 45 minutes. 
In the case of Fiske-Subbabow's reaction the samples are left 
to stand for 30 minutes before photometry is begun. The Kght- 
measurement should be finished within two hours from the com- 
mencement of the colour-reaction. 

If the previously described apparatus (chap. 3) is used for 
photometry, the amplifier is switched on 30 minutes before the 
measuring is calculated to begin. The source of light is switched 
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on five to ten minutes before the measurement. For the actual 
measurement the object-glass is j>lEiced on the measuring stage 
of the microscope and a part of the sample-drop that is free from 
dust, that may otherwise cause a serious error in the measure- 
ment, is focussed. The displacement that is necessary for the 
comparison-drop to come into the path of the beam of hght in- 
stead is noted. The shutter in front of the measuring photo-cell 
is now opened, and the position of the galvanometer is adjusted 
with the potentiometer (U in fig. 3, p. 13). When a stable result 
has been obtained, as a rule after 1 to 2 minutes, the sample- 
drop is exchanged for the comparison-drop, and the galvanometer- 
reading is brought back to the previous value by optical com- 
pensation with the rotating sector. The sample-drop is now once 
more focussed, and the initial result controlled. This operation is 
repeated a couple of times so that accidental errors are eliminated. 

Measurement of the layer-thichness in the sample-drop is per- 
formed in the four points where the inked lines intersect, by 
sharply focussing the two lines in the microscope (objective 40, 
num. ap. 0.65) and noting the difference in the number of scale- 
divisions on the micrometer-screw. As the refraction-index of 
paraffin-oil is 1.433, the required layer-thickness is found by 
multiplying the mean value of the number of y according to the 
micrometer-screw by 1.433. 

Calculation. The extinction obtained for a sample is multiplied 
by the inverted value of the layer-thickness in cm, so that the 
extinction per cm is obtained. From this we subtract the blank- 
value, that must be determined under the same conditions as 
the sample, for as compared with the micro-scale the blank- value 
obtained on the ultra-micro scale is both greater and more varying. 
The next step is to seek the- phosphorus amount corresponding 
to the corrected extinction per cm on a curve over the connection 
between the extinction per cm and the phosphorus amount, that 
was drawn on the basis of analyses of known phosphorus amounts 
under the same conditions as those obtaining for the investigation 
of the sample. Alternatively, of course, the specific extinction- 
coefficient corresponding to the extinction per cm obtained can 
be determined from a curve (see figure 8) or according to the 
procedure described on p. 33. The extinction per cm multi- 
plied by the sample-volume in /<1 and divided by the specific 
extinction-coefficient then gives the amount of phosphorus in the 
sample in micrograms. 
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The method permits of the determination of amoimts of phos- 
phorus down to 5. 10~^y with an error that for the single analysis 
does not exceed about 20 %. By using a smaller volume than 
one ywl one can get down as far as but the error may in this 
case be rather bigger. As a further illustration of the accuracy 
of the method, some experiments with phosphorus-determination 
in casein- and thymo-nucleic acid solutions are given in table 29. 


Table 5J0. 

Becovenj of fliospliorus from casein and thymo-nucleic acid on the ultra- 
micro scale. Cohur-reaclion: Fiske-Subbarow’s method. 
























PART IL 


Histo- find cyto-clieiiiical determinations 
of some pliosphoriis-fractions. 


CHAPTEB. 8. 

The technique for the defining-, isolation and 
fractioning- of samples. 

In the previous chapter we have seen how phosphorus amounts 
in organic material can be determined down to lO'^y. But before 
such a determination on biological material can have any value 
it must be possible to define the analysed sample with sufficient 
accuracy. 

It is of course best if the samples can be defined and analysed with- 
out the necessity for their being moved between these phases. This is 
the case in the histo- and cyto-chemical investigations that were carried 
out by Casperssok" and co-workers, where the definition by micro- 
photography could also be performed after the analysis (33) or be com- 
bined with the analysis (19). In analyses that necessitate ashing of the 
sample it mast be transferred, after micro-photography, if the latter 
is to be performed, to an ashing needle, since ashing of the sample on 
an object-glass and dissolving of the ash in a colour-reagent cannot 
be carried out on the ultra-micro scale because the drop of reagent 
spreads out over the whole glass and one cannot get the sample in a 
little volume, which according to chapter 2 is an essential condition. 

Another possibility that has been tried is to put the sample in a 
drop of digestion-solution that floats in an indifferent medium. The 
sample is defined by micro-photography . in the digestion-solution. 
This technique has not, however, proved successful, as it has been 
impossible to prevent the drop with the sample from flowing away, 
on heating, to some glass surface where it immediately spreads out. 
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The methods for defining and isohiing material for the deter- 
mination of phosphorus on the micro-scale may be divided into 
two main groups: 

I. The analysis deals with a natural entity such as a whole 
egg or a whole organism (protozopn). The natural definition is 
as a rule sufficient, but if one wishes more closely to define the 
volume this may be done by sucking up in a calibrated capillary 
or by micro-photograpby. 

II. In all other cases the part that is to be analysed must be 
isolated either before or during the characterization. Three 
principles must here be observed, a) From a suitably fixed organ- 
ism or from a living, unfixed organism one dissects out or other- 
wise separates (centrifugation) the part that is to be analysed. 
The volume of the sample may be defined by sucking up in a 
calibrated capillary, and for the rest of the characterization 
micro-photography may be resorted to. b) If two dimensions 
are known and the isolation takes place along the third by section 
with a microtome, then the volume is determined already in the 
act of isolation. This method- has been specially developed and 
studied in the Carlsberg Laboratory, and is well-adapted for 
series of analyses. The histological definition may then be made 
direct on the sample, but it is generally made in the preceding 
and following sections (Linderstr0M-Laitg and Mogensen, 87). 
c) The isolation is performed on histological sections, one dimen- 
sion being abeady known. The isolation is carried out by dissec- 
tion — for example with micro-manipulator — and the other 
dimensions and the histological definition are obtained by micro- 
scopic observation or micro-photo^aphy. 

According to the above procedure, the phosphorus-content will 
be given in weight per volume-unit, e. g. in yjfil instead of yjlOOy 
(per cent), which is otherwise usually the case. For a conversion 
to per cent one needs to have a knowledge of the specific weight 
of the sample and of any shrinking that may occur through the 
fixation etc. As the specific weight varies quite a lot, even for the 
same organ, Agduhr (1, 2), and as the shrinking through the 
fixation etc. may also vary, this conversion gives only approxi- 
mative values. For an average shrinking of 10 % and a specific 
weight of between 1.02 and 1.10 (1, 2) the conversion-factor is 
0.0883—0.0818. 

AH the above-described procedures for the taking of samples 
have been tried out and have proved to be practicable also for 
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bisto- and cyto-clxemical investigations of phosphorus. Analyses 
of single freely occurring cells have been performed on the eggs 
of sea-urchins (chap. 12). Isolation by micro-dissection according 
to II a) has been tried on chromosomes from salivary glands of 
GMronomus (chap. 13). The isolation of samples accortling to 
II b) has been used for investigations on the root-tips of onions 
(chap. 9). A more detailed description of the technique for the 
isolation by dh section of histological sections, II c), that was 
used for the remaining material (chaps. 10 and 11), is given 
below. 



Fig. 9. An island of Langerhans has been selected. Enlarged 104 times. 

The material is fixed by some suitable procedure and bedded 
in paraffin. Sections of suitable thickness are then cut from the 
paraffin block, for example 10 fi. The sections are stretched by 
careful warming on glasses that are covered with a thin film of 
collodium. The adhesive used is white-of-egg mixture. By immer- 
sion in chloroform for 10 minutes the paraffin is removed. After 
drying the preparation is moistened with paraffin-oU or glycerin, 
and is now ready for micro-dissection. One next looks through 
the microscope for the part that is to be isolated, e. g. a Langer- 
hans’ island (see figure 9). One then makes four cuts around the 
desired part with a discission-needle, cutting also through the 
collodium film (figure 10). The next step is to cut away and lift 
off with the discission-needle the surrounding tissue and collo- 
dium film, so that the isolated preparation lies free. 

By micro-photography one now determines the nature of the 
isolated piece of tissue (cf. figure 15, p. 77 and figure 16, p. 83) 
and also its dimensions. The sample is now to be transferred to 

b— 423740 




Kg. 11. The needle to ■whinh the sample is to be transferred has been placed 
■with its club-shaped tip close to the sample, which has been isolated from the 
surrounding tissue. Enlarged 104 times. 


a quartz needle for the subsequent treatment. The needle is held 
near the sample, figure 11, "w^hich is then lifted tovrards the quartz 
needle "with the discission-needle. Thanks to the paraffin-oil the 
section easily sticks to the needle, figure 12: The sample is now 
treated further according to the procedure described in chapter 7. 
A record of analyses illustrating the analytic operations and cal- 
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Kg. 12. With, a discission needle the sample has been carried to the quartz 
needle, where it appears as a contour change. Enlarged lOA times. 

Kg. 9 — 12. The isolation of samples from histological sections. Micro-photos at 

275 mtt. 

culations is given in table 34, page 78, vitb tbe figures 14 and 15 
belonging thereto. 

Fractioning. The biologically occurring phosphorus compounds 
may be divided into the following three main groups: 

1. Acid-soluble phosphorus = phosphorus-fractions comprising 
inorganic phosphorus (direct phosphorus, ''117), and soluble in 5 
per cent trichlor-acetic acid simple nucleotides, carbo-hydrate- 
phosphoric acid-esters, phosphagenes and some other fractions. 

2. Phosphatide-phosphorus = aU phosphorus that can be 
extracted vrith lipoid solvents such as alcohol-ether or alcohol- 
chloroform from the coagulated residue after the trichlor-acetic 
acid treatment. As the name implies, this fraction comprises the 
phosphorus of the phosphatides. 

3. Residual phosphorus = the phosphorus remaining after 
the trichlor-acetic acid and lipoid solvent treatment, for the 
most part nucleic acid phosphorus. Phosphorus from possible 
phospho-proteins is also included in this fraction, but as the 
phospho-protein phosphorus constitutes as a rule 0 — ^2 % of the 
total phosphorus (Pdimmer and Eata., 106) a division into nucleic 
acid phosphorus and phospho-protein phosphorus is not called 
for in the light of the analytic errors on the ultra-micro scale. 

Theoretically, t/ie fractioning on the nlira-micro scale can be 
performed in two ways. 
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A. The isolated sample is extracted so that one gets the frac- 
tions from one and the same object. Some experiments according 
to this principle are given in chapter 9. 

B. The extractions are performed hefore the isolation, so that 
the extracted fractions cannot be determined on the same material 
(section), but only as difference from parallel samples that have 
not been extracted. This method has been employed in the histo- 
chemical investigations on paraffin-sections (chaps. 10 and 11), 
where the paraffin and with this also the phosphatides have been 
extracted (chap. 10). The fractions tha;t it has been possible to 
determine are therefore the acid-soluble phosphorus and the 
residual phosphorus. 


CHAPTER 9. 

Experiments with roots of onion. Allium cep a. 

In investigations on the ultra-violet absorption at 257 m/i in 
root-tips of onion, Caspersson and . Schultz (27) found that 
this absorption was greatest in the growing zone of the tip, i. e. 
about the first 2 — 3 mm, after which it diminished. By means 
of Bial’s tests these authors were also able to show pentoses 
within the growing zone but not, on the other hand, further up 
the root. This is very strong support for the assumption that the 
ultra-violet absorption is here conditioned by nucleic acids, to 
which Caspersson ascribes decisive importance for the forma- 
tion of protein (37). The final proof of an increased nucleic acid- 
content within the growing zone would be constituted by the 
demonstration of an increased content of residual phosphorus. 
Investigations on the relations of the phosphorus-fractions in 
the root-tips of onions have therefore been carried out both on 
the ultra-micro scale and on the microgram scale, thus giving 
a certain control of the ultra-micro method. 

The technique for experiments on the ultra-micro scale is as 
follows: 

A root-tip of about 10 mm in length is cut off, rinsed in ^s- 
tilled water and placed on filter-paper in a little Petri dish, 
that is then put in the ice-pan of a refrigerator (temperature 
about — 20°). The refrigerator is specially constructed, so that 
all further treatment of the root-tip, even including the isola- 
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tion of the sample, can be performed therein at an air-temper- 
ature of about — 10°.“ In principle the construction conforms 
to that of the freezing technique chest constructed in the Carls- 
berg Laboratory (Lindebstr 0 m-Lang and Mogensen, 87). After 
half an hour the frozen root-tip is taken with a pair of tweezers 
and held against the object-table of a Mnot microtome. A drop 
of distilled water is placed at the base of the root-tip with a spe- 
cial “pipette”. After a second or so the water-drop is frozen. By 
freezing several drops of water onto the root-tip at intervals of 
a minute between each drop the whole may be covered with 
an icicle. After an interval of half an hour, to allow the temper- 
ature of the icicle to become uniform throughout, the work of 
sectioning is begun. Each section curls up on the edge of the 
knife and may be taken on a quartz needle by means of a slight 
pressure against the roll. A magnifying glass is used to ensure 
that the whole roll is taken onto the needle. Otherwise the sample 
is rejected. In order that the section may not fall from the needle- 
tip the needle is held over a little platinum wire that is made 
to glow for a moment vdth an electric current. The ice in the 
section then melts to a tiny drop of water around the sample, 
that then quickly freezes again to ice. When the needles have 
been taken out of the refrigerator, possible fractioning and the 
further treatment according to chapter 7 is carried out. 

This method was first tried in the determination of the total 
phosphorus-content. Onions were made to grow in tap-water at 

TaMe 30. 


Determination of total ‘phosphoncs in sectio?is of fresh, 8 day-old onion- 
root, prepared by the freezing technique; diameter 0.5 min. Amounts of 
phosphorus in 10~^y per 1 p. section. Vlira-microscale. 


Distance from tip in mm. 

0.75 

1.3 

1.9 

2.9 

3.5 

4.15 

Phosphorus in 10“®^’ 

1.15 

1.62 

1.39 

1.02 

m 

0.52 


1.44 

1.3 

1.43 



0.34 


1.1 

1.8 

1.3 



0.38 


1.2C 


Ha 



0.32 


1.12 

— 




0.40 

Mean value 

1.21 

1.57 

l.ic 

0.84 

0.53 

0.39 


For their kindness in connection with the construction and manufacture 
of the refrigerator I would like to express thanks to M. Blomqcist Esq., civil 
engineer, and to A. B. Electrolux, Stockholm. 
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room-temperature. Witliin one or two weeks 2 — 5 cm. long root- 
fibres were obtained, of a thickness ranging from 0.5 to more than 
1 mm. An experiment with suck a root is given in table 30. The 
sample-sections were five, seven or ten fi in thickness, so the 
analysed phosphorus amounts were in the region of about 5— 
10 • 10"®y. All the values in the table have been converted to a 
section-thickness of one fj,. The variation-coefficient for such an 
analysis has not been determined, but it is probably about 15 % 
(cf. tables 27 and 29, pp. 66 and 62. The error in connection 
with the preparation of sections by the freezing . technique is 
±0.5 /i). The experiment thus shows a distinct peak on the total 
phosphorus-curve that falls within the growing zone, figure 13. 
This agrees well with Caspersson and Schultz’s experiments 
(loc. cit.). 

In order to investigate the different fractions’ respective shares 
of total phosphorus, fractioning on the ultra-micro scale was 
also tried. The technique is as follows: After isolating the samples 
from the quartz needles the latter are taken out of the refidger- 
ator. One or two jul of ice-cold 5 % trichlor-acetic acid is pi- 
petted onto each tip. After 30 minutes the trichlor-acetic acid 
extract is sucked up with a pipette, on the tip of which a little 
piece of filter-paper has been sucked fast. The trichlor-acetic 
acid extract is transferred to a clean needle, dried and then treat- 
ed according to chapter 7 for the determination of the acid- 
soluble phosphorus. On the first needle is the section containing 
the phosphatide and residual phosphorus. Separation of these 
by extraction of the phosphatides in hanging drop can, certainly, 
be carried out, but the number of samples that miscarry is a 
fairly high percentage, so only a small number of such experi- 
ments were made. Instead, the above-described fractioning with 
trichlor-acetic acid was performed on onion-root, that after dry- 
ing by freezing (58) had been extracted with alcohol-chloroform 
(98). In order to make sure that the sum of the fractions was 
equal to the whole, total phosphorus-determination was per- 
formed oh every other section. Some fractioning experiments 
according to these two methods are given in table 31. As may be 
seen fi:om the table, despite the further sources of error entailed 
by the fractioning, the sum of the fractions agrees in the main 
with the directly determined total phosphorus. In the experi- 
ment with fresh root, table 31 A, it appears clearly that the in- 
creased content of total phosphorus in the growing zone is chiefly 
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Table SI. 

Fractionating of onion-roots on the ultra-micro scale. All the phosphorus- 
values in 10~^y per section of 1 jx. 

A. Fresh, O.s mm thick root, 14 days old. 


Pistance from 
tip in mm. 


1.2- 

-1.4 


3.0—3.15 

- 

fraction 

1. 

2 . 

3 . 

4 . 

1. 

2. 

3 . 

4 . 

Acid 

soluble 

P 

Resi- 
dual P 


Total 
P ac- 
cord- 
ing to 
anal- 
ysis 

Acid 

soluble 

P 

Resi- 
dual P 


Total 
P ac- 
cord- 
ing to 
anal- 
ysis 

P in . . . 

0.35 

0.71 

1.06 


m 

0.11 

0.28 

IH 


0.35 

0.63 

0.9S 



0.15 

0.39 

■1119 


0.31 

0.41 

0.75 

■liSl 

^^9 

0.17 

0.30 

0.35 


0.32 

0.36 

0.68 


0.16 

0.18 

0.34 

— 


0.15 

0.51 

0.66 

— 

0.20 

0.24 

0.44 

— 

Jloan value . . , 

0.30 

. 0.53 

0.83 

0.85 

0.18 

0.17 

0.35 

0,27 


B. 1 mm. thick root, dried by freezing and fat-extracted; 8 days old. 


Distance from 
tip in mm 

1.1 

3.0 

Fraction 

1. 

2. 

3. 

4. 

19 

2. 

3. 

4. 

P in lO-’y . . . 

2.9 

2.9 

5.8 

4.0 

1.5 

3.6 

5.1 

4.7 

2.9 

5.9 

8.8 

7.9 

1.4 

3.9 

5.3 

7.6 


2.9 

7.0 

9.9 

6.7 

1.1 

4.5 

5.6 

5.1 


2.7 

2.0 

4.7 

11.8 

1.6 

4.6 

6.2 

7.5 


3.0 

2.0 

5.0 

11.8 

1.1 

3.7 

4.8 

6.7 


3.0 

6.5 

9.5 

9.0 






1.1 

— 

— 

5.7 





Mean value . . . 

2.6 

4.4 

7.3 

8.2 

1.3 

4.1 

5.4 

6.3 


due to an increase of the residual and phosphatide fractions. 
^Further, it appears from the experiment "with fat-extracted root 
that has been dried by freezing that the phosphatide phosphorus 
is low in comparison with the residual phosphorus, for other- 
wise the acid-soluble fraction would constitute a higher percent- 
age in this series than in the experiment in which the phosphatides 
had not been extracted. A certain reservation should, however, 
be made, as the extraction with trichlor-acetic acid is possibly 
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less complete after ptosphatide-extraction than before, as Euler 
and Schmidt (52) found in connection witb the fractioning of 
dry powder from the testicles of fish. The experiments probably 
justify the conclusion, however, that the essential increase in 
the total phosphorus-content in the growing zone as compared 
vith the full-grown part of the root is due to an increase in the 
residual phosphorus-fraction, i. e. in the nucleic acid-content. 

As a check on the ultra-micro method the following experi- 
ment was performed on the micro-scale: between 50 and 100 
stout onion-root tips (average diameter about 1 mm) of 10 mm 
in length were placed together with the tips against an upright 
plane surface, and the whole bunch was left to stiffen in the 
refrigerator. The bunch of roots was then frozen fast on the ob- 
ject-table of the microtome in the same way as described above 
for single onion-root tips. This was followed by sectioning in 10 /^ 
sections. One himdred or more sections were successively trans- 
ferred to a small test-tube, and 2 ml of 10 % trichlor-acetic acid 
was added. The suspension thus obtained was then left to stand 
for half an hour to an hour at 2°. This was followed by filtra- 
tion through small ash-free filters and quantitative transference 
of the remaining precipitate to the filters with 2 % trichlor- 


Tablc 32. 

Fractionating of onion-root tips on the micro-scale. A 10 days old; B H 
days old. Mean diameter 1 mm. per root. Yahves are given in 10~^P 
for one root in 1 (i thick section. The .stannous chloride method for the 
determination of phosphorus. 


^lean distance from tip in mm. 

Acid 

soluble 

P 

Phosphat- 

ide 

P 

Kesidual 

P 

Total 

P 

A. 0.75 

1.44 

0.97 

3.32 

5.73 

2.0 . . 

2.25 

1.35 

3.74 

7.34 

3.25 

1.59 

0.77 

1.74 

4.10 

4.75 

1.48 

0.60 

1.11 

3.1 s 

6.25 

1.53 

0.50 

0.94 

2.97 

7.75 

1.47 

0.47 

0.8O 

2.74 

9.25 

1.09 

0.3G 

0.84 

2.29 

li. 1.0 

0.84 

0.63 

1.6 

3.07 

l.C 

0.77 

0.54 

0.95 

2.26 

2.6 

0.73 

0.37 

0.62 

1.72 

3.4 

0.C4 

0.31 

0.52 

1.47 

4.9 

0.84 

0.25 

0.39 

1.45 



Phosphorus in 
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acetic acid. The total acid-soluble phosphorus was determined 
in the filtrate. The filter with the precipitate was dried in va- 
cuum and the lipoids were extracted with alcohol-chloroform in 
a micro-Soxhlet’s apparatus (Norberg and Teorell, 97, Nor- 
BER 6 , 98). The phosphatide phosphorus was determined in the 
extract and the residual phosphorus in the residue after mineral- 
ization. All mineralization was performed with sulphuric acid 
and nitric acid (see Teorell and Norberg, 117). On account 
of the small amounts of phosphorus the stannous chloride method 
was used for 'the determination. The phosphorus-values obtained 
are given in table 32, where all values have been converted to 
one 1(1 section of one root. The total phosphorus and residual 
phosphorus values are given also in figure 13. 



I I t 1 ' ' ^ 

0 12 3 4-5 6 7 8 3 

Distance from tip mm 


The phosphorus-content in one w cuts from xoote of Alhum cepa 
— total phosphorus, table 30, values multiphed bv four (see t^\t). 

• extinction at 275 rafi (arbitrary scale) [from measurement by LAs- 

PEBssON and Schuitz (unpubb'shed result)]. The steeper decrease in the absorp- 
tion curve as compared with the phosphorus curve is artificial OTring o o 

measuring technique. 4 . qo a 

-X— total phosphorus, table 32 A. —-X—- residual phosphorus, table 3- A. 
' • total phosphorus, table 32 B. - - ' residual phosphorus, table 32 B. 


A- 
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Experiments on the micro-scale fully confirm tlie results that 
have been obtained with the ultra-micro method, namely, that 
the high phosphorus-content in the growing- zone is in a large 
measure due to residual phosphorus (nucleic acid), in full agree- 
ment with the absorption in ultra-violet light at 257 m/t and 
the pentose-content (Caspersson and Schultz, loc. cit.), and 
further, that the content of phosphatide phosphorus is low in 
relation to the nucleic acid phosphorus, though also the phos- 
phatide-content is higher in the growing zone than in the proxi- 
mal part of the root. The acid-soluble phosphorus is more evenly 
distributed over the whole root. 

As regards the separate values it may be said that the ultra- 
micro method gives a more detailed and exact picture of the 
distribution of phosphorus in the root, while the microgram 
method only gives the mean value from a large portion of several 
roots, where also individual variations must play a' part. Taking 
this into consideration, the absolute values according to the 
micro-method agree well with the values according to the ultra- 
micro method, fig. 13. The values in tables 30 and 31 A refer to 
a O.o mm thick root, while the values in table 32 refer to a root 
of about 1 mm in thickness. Eor comparison the former should 
thus be multiplied by four in order to refer to the same volume, 
and this has accordingly been done in figure 13. The values ac- 
cording to table 31 B refer, certainly, to a root of 1 mm in thick- 
ness, but as the freezing-drying gave rise to a perceptible shrink- 
ing of the root these values should be reduced if they are to be 
compared with the others. The marked shrinking in connection 
with the freezing-drying renders this method of fixation rmsuit- 
able for this material. 


CBLAPTEE 10. 

The phosphorus- content in the endocrine and 
exocrine parts of the pancreas. 

Even with the ordinary histological staining methods the mic- 
roscopic picture of the pancreas shows a marked difference 
between endocrine and exocrine tissue. As Casperssou, Lanu- 
STROM-HyufiN and Aquilonius (40) have shown, the light-ab- 
sorption in ultra-violet at 257 m^u is considerably weaker in the 
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islands of Langerlians than in the exocrine part surrounding 
them. According to the aboye ynriters, this is due to the fact 
that the zymogenous cells contain a large amount of cytoplasm- 
atic nucleotides, that are, on the other hand, almost altogether 
absent from the insular cells. As it had previously been impossible 
to perform comparative analyses of phosphorus in the insular 
organ and the exocrine part of the pancreas from the same ani- 
mal, some such determinations were carried out both on the 
pancreas of monkfish, Lophius piscatorius, and on the pancreas 
of the mouse. 

Pancreas of monJcfish. — In the monkfish the endocrine part 
of the pancreas, the islands of Langerhans, is joined to a spec- 
ial organ, around which lie the small exocrine parts. It has thus 
been possible to carry out certain macro-chemical analyses on 
the insular organ (Jorpes, 68), which is of interest for compari- 
son with the ultra-micro scale. For the ultra-micro analyses 
the pancreas of the monkfish was fixed by the freezing-drying 
method according to Gersh (58), and then bedded in paraffin. 
10 fi thick sections were placed on quartz glass with coUodium 
film. After dissolving the paraffin with chloroform for 10 min- 
utes the sections were moistened with paraffin-oil. Samples 
were dissected out under the microscope in ultra-violet light 
(275 m^, Kohler’s illumination apparatus) from both endo- 
crine and exocrine parts, which were easily distinguishable 
by their different light-absorptions (10). The results may be seen 
in table 33 A. 

In order to ascertain whether the phosphatides had been com- 
pletely extracted with the short chloroform treatment of the 
sections, the preparation was extracted in the micro-Soxhlet s 
apparatus with alcohol-chloroform (97, 98) for 8 hours. The pre- 
paration was then bedded again in paraffin, sectioned and 
ined anew as above. The results are given in table 33 B. Bot 
for the endocrine and the exocrine parts the mean values for 
the two series lie within the limits of error for the method, t is 
thus clear that 10 minutes’ extraction with cold chloroform on 
10 p sections gives a complete extraction of the phosp ati es. 
As according to Jorpes’ analyses the phosphatide-phosp orus 
constitutes a third part of the total phosphorus 
organ of the monkfish, an incomplete extraction o ® 
ought to be noticeable even on the ultra-micro scale, despite tue 
greater sources of error. Experiments thus show that t e p os 
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Table 83. 

The phosphorus-content in the exocrine and insular parts of pancreas 
of monh-fish. AU the values represent the phosphorus-content in yj/d. 



A. Not special 
fat- extraction 

1 

B. Thorough lipoid-extraction 
before the isolation of the 
sample 

Insular part 

Exocrine part 

Insular part 

Exocrine part 

0.92 

1.10 

1.21 

1.70 

1.82 

1.55 

2.25 

2.30 

4.78 

2.90 

3.92 

1.55 

2.74 

O.GG 

0.72 

1.73 

0.89 

0.91 

1.31 

1.87 

1.8C 

0.3G 

1.95 

1.05 

1.75 

2.G8 

3.08 

2.0 

1.28 

0.96 

2.24 

3.45 

7.4 

3.75 

1.09 

Mean . . . 

1.61 

3.18 

1.47 

3.59 

i 


j 0.73 



*(M) . \ } |j 0.18 


pliatide-pliospliorus fraction cannot be determined on the ultra- 
micro scale even after drying by freezing. It is evident that only 
fresh material is suitable for phosphatide studies, after isola- 
tion by for example the freezing technique. 

The phosphorus determined in these analyses constitutes the 
sum of the residual and the acid-soluble phosphorus. The relative 
values with approximately double the phosphorus-content in the 
exocrine as compared with the insular part agree with the light- 
absorption in ultra-violet light, which shows that the poly-nucle- 
otide-content in the exocrine part is considerably greater than in 
the endocrine part. The absolute phosphorus amounts in the 
endocrine part are in the region of 1.5 y of phosphorus per jal. 
JoRPES (loc. cit.) finds in his analyses 2.08 % for the same frac- 
tions. Taking into consideration the individual variations in the 
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Pig. 14. Isolated zymogenous part from the pancreas of a mouse (protocol no. 1 
table 34) photographed at 275 m«. Enlarged 104 times. 

material and the sources of error, however, this difference is not 
so great. One may in fact say that the ultra-micro method has 
given satisfactory absolute values also in this case. 

Pancreas of mouse. — The preparations employed were fixed 
according to Gersh, and the subsequent treatment was accord- 
ing to chapter 8, II c (p. 64). In one series, only chloroform- 
extraction was carried out, so that the determinations comprise 
the sum of acid-soluble phosphorus and residual phosphorus. 
In table 34 and the two figures 14 and 15 belonging thereto vdll 
be found a complete record of some of these experiments. In 
records no. 3 (figure 15) and 4 is shown the mode of calculation 







Pig. 15. Isolated island of Langerhans from the pancreas of a mouse (protocol 
no. 3, table 34) photographed at 275 mii. Enlarged 323 times. 
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Table 8^. 


Analysis protocol from histo-ckemical determination of phosphorus in 
pancreas of mouse {acid-soluble -{■ residual phosphorus), 10 [i sections. 



1. 

2. 

3. 

4. 

Sample 

Exocrine 

do. 

Insular 

do. 

Plate no 

7808 

7876 

7821 

7859 

Enlargement 

104 X 

104 X 

323 X 

104 X 

Colour-reaction 

Piske-Subbarow, AES no. 

22. 

Reaction-volume fd ... . 

1.0 

1.0 

1.0 

1.0 

Sector-value 

384.2 

385.0 

392.8 

390.6 

Extinction 

0.0175 

0.0166 

0.0079 

0.0103 

Layer-measurement ft .. . 

278 

244 

252 

262 

Extinction per cm 

0.442 

0.47G 

0.219 

0.276 

Do. corrected for blank value* 

0.342 

0.391 

0.164 

0.190 

Specific extinction-coefficient 





be 

135 

134 

144 ■ 

143 

Phosphorus in KP*/ .... 

2.54 

2.93 

1.14 

1.33 

Surface of sample on plate, 





cm* 


. 

35.5 

6.94 

Do. of exocrine part .... 

4.87 

7.40 

17.5 

1.64 

Calculated length of edge for 





preparation considered as a 





square, /i 

212 

261 

184 

254 

Sample-volume in ICP* fd . 



0.340 

0.645 

Do. of exocrine part .... 

0.45 

0.68 

0.16S 

0.152 

Phosphorus in the excorine 





part in 10~’y 



0.71 

0.64 

y phoq)horus/^ sample . . . 

.5.65 

4.27 

2.50 

1.39 


* The different blank-values in protocol no. 1 and nos. 2—4 are to be explained 
by the fact that a different binding agent 'was used for attachment of the section 
to the coilodinm membrane. 


employed when, two kinds of tissue appeal in one and the same 
sample and one knows the phosphorus-content in one' of the 
tissues. Eor this calculation the phosphorus-content in the exo- 
crine tissue is in this case known (table 35 A). 

A summary of all the experiments is given in table 35 A. As 
may be seen from this table, there is a great difference between 
the phosphorus-content in the exocrine part and that in the 
insular part, rather greater than for the corresponding organ 
from monkfish. 

In determinations of corresponding phosphorus-fractions in 
the whole pancreas of other mammals Plimmeb and KIa-YA (106) 
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Table 85, 

Histochemical determination of fJiospJiorus in pancreas of mouse. AU 
the values represent phosphorus in yfftl organ fixed by freezing-drying. 

A. Acid-soluhle -f- residual phosphorus. Fishc-Subbaroto’s method. 

B. Residual phosphorus. Stannous chloride method. 



A. 

B. 

Endocrine 

part 

Endocrine 

part 

Endocrine 

part 

Endocrine 

part 


1.19 

4.97 

0.58 

3.1 


0.54 

2.65 

0.34 

3.0 


0.79 

7.13 

1.2 

3.0 


1.59 

4.28 

0.67 

3.3 


2,30 

3.0 

1,3 

3.4 


1.42 

2.74 

2.2 

3.4 


1.58 

3.56 

0.5 

3.9 


1,24 

5.70 

2.05 

2.9 


1.86 

2.50 


3.25 


2.50 

3.34 


3.1 


0.97 

5.65 


2.6 


1.07 

4.24 


2.3 


1.39 

4.11 


4.3 


1,10 

4.32 


2.9 


0.91 

3.20 




1.49 

4.78 




1.28 

3.36 




1.80 

3.65 




1.06 

4.27 




2.27 

2.75 




0.01 

1.94 




0.41 

3.76 




2.23 

8.67 





2.62 





7.76 





4.54 





4.54 



Mean value . 

1.38 

4.23 

1.1 

3.17 



0.52 

1.60 

1 

0.5 O 

*(M) . . . . 

0.11 

0.31 

1 

0.13 


foimd about 0.55 per cent phosphorus (dog) and Teorell and 
Norberg (117) between 0.216 and 0.310 per cent phosphorus 
(cat). The value of 4.23 y Fjfil found for the zymogenous part 
of the pancreas of mouse, that after correction for the shrinldng 
of the preparation and the specific weight of the organ gives 
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between 0.3 and 0.4 per cent phosphorus, must thus be regarded 
as very plausible. The acid-soluble phosphorus in the pancreas 
constitutes according to Plimsiee and Kaya and according to 
Teorebl and Noebeeg about 60 % of the residual phosphorus. 
Assuming that the distribution is the same in the pancreas of 
mouse, the nucleic acid phosphorus would be 0.92 yjfA in the 
insular organ and 2.82 y{fx\ in the exocrine part. These values 
are in good agreement with those actually determined by ultra- 
micro analysis on the same material, as is seen from table 35 B. 
For the determination of the residual phosphorus, the acid- 
soluble phosphorus was extracted with 5 % trichlor-acetic acid 
for 30 minutes after removal of the paraffin Avith chloroform 
and alcohol. The sections were then dehydrated with alcohol 
and moistened with liquid paraffin. The isolation followed ac- 
cording to the description above. 

To sum uf, it may be said that a considerably larger content 
of acid-soluble phosphorus plus residual phosphorus is demon- 
strable with the ultra-micro method in the exocrine part of pan- 
creas as compared with the insular organ, both in monkfish and 
in mouse. Comparison with macro-chemical analysis shows that 
the exocrine part contains considerably more nucleic acid phos- 
phorus than does the endocrine part, in conformity with the 
stronger light-absorption at the absorption-maximum of the 
nucleic acids (260 m[j) in the zymogenous part. The difference 
between the residual phosphorus-content in the exocrine part 
and that in the endocrine part is demonstrated by ultra-micro 
determinations. 


CHAPTER 11. 

The phosphorus-fractions in embryonal and 
adult hen’s liver and in embryonal 
para-vertebral g'ang’lia. 

Liver. — On account of the extraordinarily rapid growth 
ahown by the embryo of the chick between the third and the 
tenth days of incubation, this material is especially suitable for 
the investigation of the role played by the nucleic acids in the 
building up of new tissue (Caspeesson, 37). In investigations 
-on the ultra-violet absorption at 257 mp in the embryo of the 
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chick from this period of development, Caspersson and Tho- 
EELL (41) have shown that the liver contains an exceptionally 
large amount of substances of the nucleic acid absorption type 
corresponding to a nucleic acid-content of 2 — 4 % in the cyto- 
plasm. In the liver of the hatched chick, on the other hand, these 
authors found a considerably lower absorption that could be 
referred to nucleic acids. 

In order to try to verify that this absorption really did derive 
from nucleic acids, the content of residual phosphorus in liver 
from an embryo of chick about six days old was determined, as 
was also the same content from a some weeks old chick. Acid- 
soluble phosphorus was also determined in parallel experiments. 
The analyses on embryonal Hver were carried out on material 
that had been fixed according to Gersh (58). The sum of acid- 
soluble phosphorus and residual phosphorus was determined on 
sections that had only been extracted with chloroform. For the 
determination of the residual phosphorus the acid-soluble phos- 
phorus fractions were extracted from a 10 section with 5 % 
trichlor-acetic acid, after removing the paraffin whith chloro- 
form. After the trichlor-acetic acid treatment the section was 
dehydrat with alcohol, dried with chloroform and then moist- 
ened with paraffin-oil. Subsequent treatment according to 
chapter 8 lie. The residual phosphorus in the liver of chick was 
determined on material fixed with trichlor-acetic acid, while the 
sum of acid-soluble phosphorus and residual phosphorus was 
obtained as in the experiments on embryonal liver by analysis 
of preparation that had been dried by freezing and extracted 
with chloroform. The results of these experiments are given in 
table 36. 

The content of residual phosphorus found in embryonal liver, 
2.12 yP//il, corresponds well with the content of nucleic acid 
according to the ultra-violet absorption, for when calculated as 
thymo-nucleic acid the phosphorus value found gives 3.03 g/100 
ml. On conversion to per cent (with the approximative reduction- 
factor 0.85) one gets the value 2.58 %, which agrees very well 
with the value calculated by Caspersson and Thorell. One is 
probably justified in considering the phosphorus analyses as a 
proof that the strong ultra-violet absorption of nucleotide type 
in embryonal liver is due to a high content of poly-nucleotides. 

The nucleic acid-content in the liver of the hen derives chiefly 
from the cell-nuclei, for Caspersson’s and Thoeell’s absorp- 

6—423740 
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Table 36. 

Bojne phosphorus jractions in embryanal and adult liver of hen. All the 
values in y phosphorus ffxl. 



Embryonal liver 

Adult liver 


Acid-Boluble + 
residual 
phosphoms 

Residual 

phosphorus 

Acid-soluble 
‘ residual 
phosphorus 

Residual 

phosphorus 


4.4 

1.02 

2.75 

0.57 


3.1 

1.75 

3.52 

0.46 


3.1 

3.10 

2.58 

0.47 


4.8 

2.10 

2.12 

1.40 


3.5 

3.07 

2.94 

0.18 


3.27 

2.65 

2.84 

0.41 


2.22 

0.96 

1.77 

0.43 



1.03 

2.28 

1.16 



2.23 

2.40 

0.97 



2.47 

1.50 

0.39 



2.94 

1.89 

1.36 




1.42 

1.02 





1.65 





0.90 

Mean talnes 

3.48 

2.12 

2.32 

0.82 

^(M). . . . 


0.25 

0.18 

0.12 


tion-data 811017 that the content of cytoplasmic nucleotides is 
minimal in adult Kver. Kossel (75) states that the residual 
phosphorus in the liver of the hen was in two cases 0.083 % and 
0.162 %. The value found on the Ultra-micro scale, 0.082 g/100 
ml, is certainly lower, especially considering that it has to he 
reduced to give the content as a percentage, but the order of 
magmtude is nevertheless in good agreement. The content of 
residual phosphorus in liver from mammals is also in the region 
of these values. Thus, the residual phosphorus in horse-liver is 
0.057 % according to Javtllier, Creioer and Hingbais (67), 
and about 0.08 % in cat-liver (Teorelb and Norberg, 117). 

The acid-soluble phosphorus is clearly about as great in em- 
bryonal liver as in adult liver, with the values 1.36 and 1.50 
y/fil respectively. Converted to per cent we get something over 
0.1 %, which agrees with the values given for the liver of mam- 
mals, e. g. 0.097 — 0.118 % for rat’s liver (Kay, 70), 0.119 — 
0.131 % for cat-liver (Teorelb and Noeberg, 117) and 0.084 % 
for horse-liver (Javillier, Cremiee and Hinglats, 67). 
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Kg. 16. Two isolated para-vertebral ganglia from a hen’s embryo. Photographed 
at 275 m[i. Enlarged 104 times. 

Para-vertebral ganglia. — In the same embryo of chick as 
was employed for the above-described experiments with liver 
determinations were also made on the phosphorus fractions in 
para- vertebral ganglia, figure 16. The connective tissue sur- 
rounding the ganglia was analysed as comparative material. The 
results of these experiments are found in table 37. From this 
table it may be seen that acid-soluble phosphorus cannot be 
demonstrated in the ganglionic tissue. On the other hand, the 
content of residual phosphorus is extremely high, even higher 
than in the liver. Also the connective tissue has a remarkably 
high phosphorus-content. These observations agree on the whole 
with the strong ultra-violet absorption of nucleic acid type that 
Caspersson and Thoeell (loc. cit.) have found in the quick- 
growing embryonal tissue. The high content of residual phos- 
phorus in the ganglionic tissue is also in good agreement with 

Table 87. 

The content of acid-soluble ‘phosphoruc -j- residzial phosphorus (I) and 
residual phosphorus {II) in paravertebral ganglia and the residual phos- 
phorus in the paraganglionic connective tissue (HI). All the values re- 
present yPlfil. 



I. 

II. 

in. 


5.G 

3.3 

1.7 


3.44 

7.4 

0.23 


3.9 . 

2.05 

2.3 


3.1 

7.6 

1.4 


3.2 

2.0 

.1.6 


3.1 

2.0 

2.0 



1.91 

1.44 




1.77 

Mean . . . 

3.72 

3.75 
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the high content of substances with an ultra-violet absorption 
of nucleic acid type that is found in nerve-ceUs according to 
investigations by Laot>str6m, Caspersson and Wohlpart (78). 
further investigations on the phosphorus fractions in nerve- 
tissue are, however, called for before one can commit oneself to 
a more definite opinion. 


CHAPTER 12. 

Determination of phosphorus in single cells 
(eggs of sea-urchin). 

For our present knowledge of the mechanism of development, 
particular importance attaches to investigations of morphological 
changes in egg-cells. For biochemical investigations it has been 
possible to examine single eggs or parts of egg only in special 
cases (see e. g. 66, 80, 81). As a rule one has had to have recourse 
to analyses of egg-suspensions with a very large number of eggs. 
By means of the above-described ultra-micro method, however, 
that has been tried out on biological material, certain conditions 
have been created for biochemical studies on the relation of the 
phosphorus fractions during the development of the cell. In order 
to test this some preliminary attempts to analyse some phosphorus 
fractions in single egg-cells have been made. The material com- 
prised unfertilized eggs from the two species of sea-urchin Psam- 
mechinus miliaris and EcMnocardium cordatum. Some of the eggs 
were placed in absolute alcohol and others in Carnoy’s fixing fluid. 
The isolation of the eggs was not carried out until after they had 
been for several days in the fixing fluid. From a drop of the egg- 
suspension one egg at a time was transferred to a little drop of 
liquid paraffin with a discission needle. After micro-photography, 
where this was carried out, the egg was transferred to a quartz 
needle for the phosphorus-determination. The analytic values 
found are given in table 38. 

From alcohol-fixed Psammechinns eggs the phosphatide phos- 
phorus is removed as well as 12 % of the acid-soluble fraction 
according to Lindberg (82). The ultra-micro determination of the 
egg thus gives residual phosphorus -f- 88 % of the acid-soluble 
phosphorus. On fixing in Camoy’s fluid the phosphatides are 
removed as well as most of the acid-soluble phosphorus. According 
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Table 38. 

Sofne phosphorus fractions in unfertilized eggs of sea-urchin. AU the values 
in 10~^y phosphorus per egg. 


^Material 

Psammechinus miiiaris 

Echinocardium cordatum 

Fixation 

Absolute 

alcohol 

Camoy 

Absolute 

alcohol 

Camoy 


0.73 

0.65 

0.69 

0.61 


0.94 

0.58 


0.44 


0.68 

0.51 


0.56 


0.98 

0.64 




0.91 

0.76 


1 0.57 


0.67 

0.68 




0.84 

0.33 


0.7 0 


0.70 

0.81 

0.40 

0.21 


0.76 

0.95 

0.52 

0.54 


0.84 

0.95 

0.45 

0.40 


0.95 

0.63 

0.58 

0.81 


0.85 

0.65 

0.5 0 

0.61 


0.63 

0.30 

0.66 

0.4O 


0.80 

0.78 

0.53 

0.83 


0.63 

0.49 




0.86 

0.66 




0.81 

0.52 




0.79 





0.87 





1.13 





0.81 





0.98 





0.85 





0.92 




Mean value . . 

0.83 

0.64 1 

0.62 

0.60 

*(M) 

0.025 

0.044 I 

0.04 

0.12 


to Lindberg (loc. cit.), however, about 5 % of the acid-soluble 
phosphorus in the eggs is retained (by adsorption?). For the con- 
tent of total phosphorus and for the different fractions in eggs 
from sea-urchin the following values are given (Zielinski, 130); 
total phosphorus 12.80 mg per 100 mg of nitrogen, residual 
phosphorus 22.5 % and acid-soluble phosphorus about 45 % of 
the total phosphorus. On the assumption that the conversion- 
factors given by Oesteom and Lindbbeg (133) and referring to 
Paracentrotus lividus are also applicable to Psammechinus after 
correction for the size of the eggs {Paracentrotus 100 [i, Psamme- 
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chinus 80 fi in diameter) one gets the following values for the 
phosphorus-content in a single egg: total phosphorus 1.7' 10"^ y, 
acid-soluble phosphorus O.TS-lO'^y, phosphatide phosphorus 
0.38'10~®y and residual phosphorus 0.53 -W^y. The expected 
amount of phosphorus in an alcohol-fixed egg would then be 1.2 • 
10“^ y, and in a Carnoy-fixed egg 0.56-10“®y. The value for a 
Carnoy-fixed egg found by ultra-micro deterruinations, 0.64 • 10~®y, 
is in splendid agreement herewith. The alcohol-fixed eggs, on the 
other hand, show a smaller phosphorus-content than one would 
expect from Linebeeg’s analyses, i. e. the acid-soluble phosphorus 
fraction is too low. A possible explanation of this would be that 
the long period in the fixing fluid before the analyses (about 5 
days) entails that more acid-soluble phosphorus goes into solution 
in the alcohol than in Lindberg’s experiments. The determina- 
tions on Echinocardium eggs show that the residual phosphorus 
(nucleic acid -{- phospho-protein) is just as great as in the Psam- 
mechinus egg. On the other hand, no acid-soluble phosphorus is 
demonstrable, which is probably to be explained in the same way 
as the low values for acid-soluble phosphorus in the Psammechinus 
eggs. 

On the whole one must say that the ultra-micro analyses on 
phosphorus in single cells have given completely plausible values. 


CHAPTEE 13. 

The phosphorus-content in chromosomes from 
salivary glands of Chironomns. 

By measuring the ultra-violet absorption in chromosomes from 
Ghironomus, Casbebsson (19) was able to establish as a proba- 
bility that the nucleic acid-content in the chromosomes is about 
10 % or more. In order to ascertain whether the phosphorus- 
content in the chromosomes was of a corresponding magnitude, 
phosphorus-determinations were carried out on chromosomes from 
the salivary gland of Ghironomus Thummi. The glands were dis- 
sected out in Einger solution and were then left to lie for 1 — 2 hours 
in 45 % acetic acid saturated with carmine. The cells were then 
dissected out whereby the chromosome-ball was often obtained 
free. Otherwise the cells were crushed under a covering glass. The 
dissection needles that were employed with the previous prepara- 
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tion were much too coarse to take up chromosomes with. The best 
techmque proved to be as follows: The selected chromosome or 
chromosome-group is taken up in a little loop of 10 ju. thick 
Wollaston wire and quicMy transferred to a little drop of paraffi- 
num liquidum. With another 5 or 10 thick Wollaston wire the 
chromosome is freed from the loop. By means of the fine platinum 
loop one can now easily transfer the sample to a quartz needle for 
further treatment. By the above treatment the acid-soluble 
phosphorus is removed, so that the determination covers residual 
phosphorus and possibly present phosphatide phosphorus. The 
analyses are given in table 39. 

TaWe 89. 

The phosphorus-conient in chromosomes from the salivary glund of Ohiro- 
nomiis Thummi. For the phosphorus-determination the stannous chloride 
method was employed. The phosphorus-values are given in KF^y. For 
the re-calculation from one or two to four chromosomes see the text. 


No. of 
chromosomes 

One 

Calculated 
for all 
four 

Turo 

Calculated 
for all 
four 

All four 
from 
one cell 

P 

ra 

0.52 

— 





0.65 





O.OG 

0.19 


0.3O 



0.11 

0.35 

0.25 

0.41 



O.IG 

0.52 

0.14 

0.23 

0.48 

0.24 

0.22 

0.34 

0.30 

0.25 

0.25 

0.22 

0.11 

Mean value . . . 

0,13 


0.20 


0.28 

Mean value for 4 chromosomes (aU analyses) . . . 


0.32 

^(M) 




j'0.025 (8%) 


According to Bauer (8), the chromosomes from the salivary 
gland of Chironomus Thimmi are in the native state 10 — 12 pt. 
in width. The lengths are for chromosomes I — TV in order about 
165, 160, 135 and 40 [i. Bor the conversion of all values to the same 
basis it is assumed that "one chromosome” means a 150 [x long 
chromosome, and “2 chromosomes” 300 y.. The sum of the volumes 
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of the four- chromosomes will he 38.5 — 55. 4 '10“^ jA, and the 
phosphorus-content herein is, taking the mean of all analyses, 
0.32- 10-^ y. 

These values give a phosphorus-content in the chromosomes of 
5.8 — 8.3y per ^1. Converted to thymo-nucleic acid this gives. 
8.3 — 11.9 g/100 ml, which coincides with the value calculated bj 
Caspebsson. 



Summary. 

Theoretical considerations show that with the help of a suffi- 
ciently sensitive measuring apparatus it will be possible to extend 
the range of application of known photometric methods of anal- 
ysis also to amounts of substance of cyto-chemical magnitudes 
(the ultra-micro scale). In the foregoing chapters investigations on 
photometric determinations of phosphorus have been described 
that confirm this. The essential results of these investigations are 
the following; 

Quantitative photometric determination of phosphorus with 
the help of one of the coeruleo-molybdate reactions can be carried 
out on a volume-scale more than two hundred times smaller than 
that which has hitherto been available for such analyses. With the 
aid of a micro-photometer, that permits of determinations of 
hght-absorptions to down to 1 % with an error of only a few per 
cent in the extinction, it is thus possible to determine amounts 
of phosphorus of cyto-chemical magnitudes. For the special 
technique that has been worked out for such analyses, Fiske- 
SuBBAEOw’s amino-naphthol-sulphonic acid method and Denig^s’ 
stannous chloride method are the most suitable. Careful control 
of the reagents and the conditions for the reactions are necessary. 
Organic material must first be mineralized before the colour- 
reaction. On the ultra-micro scale described the mineralization 
is carried out in the form of ashing, in which connection one must 
see that there is a sufficient cation-surplus. In the present in- 
vestigations calcium acetate is used for this purpose. The ashing 
is shovTi to give a certain anhydrization of the ortho-phosphate, 
so that hydrolysis must be performed. On the ultra-micro scale 
the hydrolysis takes place in a special apparatus, in which the 
samples can be treated with 1 n hydrochloric acid at 100° for an 
hour or more. With this technique one can determine phosphorus- 
amounts of down to 10~^y, the variation-coefficient going up to 

6f—4237-/0 
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between 20 and 30 % but diminishing with rising amounts of 
phosphorus. 

The isolation and the characterization of biological samples may 
take place according to several different principles. In certain 
cases micro-dissection in ultra-violet light with the help of Koh- 
ler’s microscope is of particular value. In other cases the freezing 
technique for preparation of sections according to Linderstrom- 
Lang and Mogensen may be suitable. T'or the determination of 
different phosphorus-fractions extraction may be carried out on 
the isolated sample. The fractioning may also take place by 
extraction before the isolation, in which connection only the frac- 
tions remaining behind in the sample can be determined direct. 
In the experiments described here the determined fractions have 
constituted acid-soluble phosphorus, comprising inorganic phos- 
phorus plus a number of phosphoric acid esters, as well as residual 
phosphorus, the latter comprising nucleic acid phosphorus and 
possibly existing protein-phosphorus. 

In order to test the suitability in different cases of the methods 
of isolation that were tried out, and the applicability of the 
method for histo- and cyto-chemical problems, a series of experi- 
ments on different material were carried out. On histological 
material comparative experiments were performed on tissue with 
strong protein-production and tissue with moderate protein- 
formation. On cytological material only orienting experiments were 
performed. The investigations show, in the main, the following: 

In rapidly growing tissue, such as the grooving zone in onion- 
roots and embryonal organs, and similarly in protein-producing 
glands, there was found in all the investigated cases a high con- 
tent of residual phosphorus as compared with full-grown organs 
and glands -with slight protein-production. As the residual phos- 
phorus as a rule derives only from nucleic acids, this result indi- 
cates a high content of nucleic acid. This is in the best agreement 
with the strong ultra-violet absorption of nucleic acid type that 
has been observed in corresponding cases by Caspersson and 
others. These coincident observations must be considered to prove 
that the nucleic acid-content is increased in connection with the 
formation of protein, which constitutes a very strong support 
for Caspersson’s theory (37) that the protein-production takes 
place with the necessary collaboration of nucleic acids. 

The preliminary experiments on cytological material show that 
the method described can be used for fractioned phosphorus- 
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analyses both on single cells (egg of sea-urchin) and on the finer 
cell-details {Chironomus chromosomes). 

The task that was taken up at the outset of these investigations, 
namely, by a refinement of the technique to extend the range of 
applicability of photometric methods also to cyto-chemical prob- 
lems, has thus been successfully performed as regards analyses 
of certain phosphorus-fractions. 


These investigations have been supported by funds from the 
foundation »Therese and Johan Anderssons minne» and from the 
Rockefeller Foundation. 
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ORIENTATING REMARKS 


Until recently the term “antithrombin’^ has been employed 
to designate any anticoagulant or thrombin-inactivating sub- 
stance present in or extractable from the blood or tissues. This 
term is now known, however, to cover at least two components 
that are vudely different in action and properties. 

The first of these, heparin, was discovered by Howel & 
Holt’® in 1918. It is thermostable, probably a mucoitin-poly- 
sulphuric acid. Its anticlotting action is immediate, and it can 
be extracted from various organs, especially from liver and 
lung. The other component is present in plasma and serum, 
closely bound to the albumins; it is thermoIabUe and requires 
a certain incubation period for exertion of its effect on throm- 
bin. Now the term antithrombin is applied exclusively to the 
latter component. 

Under normal conditions the minimal amoimts of heparin 
present in the plasma are thought to be of no significance to 
its capacity for inactivation of thrombin. In various patho- 
logical conditions such as peptone intoxication and anaphy- 
lactic shock, however, it is quite a different matter, as these 
states of shock, especially in dogs and cats, are associated Avith 
a considerable rise in the heparin concentration of the blood. 
Thus the thrombin-inactivating capacity of the plasma is in- 
creased at the same time as the clotting time is prolonged. 

Most authors hold that the thrombin-inhibitory effect of 
heparin and the activity of antithrombin are quite independent 
of each other. 

While we now have a fairly accurate and thorough know- 
ledge of the physicochemical properties of heparin, its effect 
on the coagulation of the blood and its occurrence in the blood 
xuider various pathological conditions, our knowledge of anti- 



thrombin is still extremely slight. So far, attempts to isolate 
it from the blood have been unsuccessful, and the mechanism 
of its influence on the coagulation of the blood is still obscure ; 
as to variations in the amount of this substance present in the 
blood in morbid conditions, the reported findings are highly 
divergent. Our lack of knowledge concerning antithrombin is 
chiefly due to the fact that \mtil quite recently it has not been 
possible with any fair degree of acciuacy to estimate the amount 
of this substance in a given specimen of plasma or serum. 
Astrup & Dabung^^ however, in the winter of 1940-41, worked 
out a method for the quantitative determination of antithrombin 
with errors less than 5 per cent. All the studies reported in the 
present work were carried out by the employment of this method 
for antithrombin determination. 

In view of the above-mentioned facts it will be reasonable, 
in reviewing the literature on antithrombin, to divide these 
works into two ^oups. One group comprises the many diver- 
gent and conflicting works and theories published prior to the 
discovery of heparin; the other compribes the modem points of 
view advanced gradually with our increasing knowledge of this 
new substance, its occurrence and properties. The introduction 
of Astrup & Darung’s method opened up new possibilities. 
The purpose of the present studies, therefore, has been by 
means of this new, precise technique — ^with some of the older 
findings for a starting point — ^to try to give some new contribu- 
tions to our knowledge of this field in the physiology and 
pathology of blood coagulation. 



Chapter I. 

SUKVEY OF THE MAIN 

PRINCIPLES IN THE MODERN THEORIES ABOUT 
COAGULATION OF THE BLOOD 

The basis for the modem view of coagulation is the so-called 
classical coagiilation theory. This theory was advanced nearly 
40 years ago by Mobawitz®®, in 1904, and is founded on in- 
vestigations carried out by Alexander Schmedt^^®, BLammab- 
STEN®®> Pekelharing®®' ®® and Pijld & Spiro®®- ®^. 

Also the studies reported by Panum®" on fibrinogen and 
fibrin as early as 1851 should be mentioned in this connection. 

According to Morawitz, the process of coagulation is divided 
into two phases. In the first phase the active coagulant, throm- 
bin, is formed from an inactive precursor through the influence 
of calcium ions and the tissue factor. In the second phase this 
thrombin acts on the fibrinogen dissolved in the plasma and 
transforms it into the insoluble fibrin. 

Of the three components required for the first phase, pro- 
thrombin — ^the precursor to thrombin — and the Ca ions are 
present in solution in the plasma. The third component, the 
tissue factor, is found in the formed elements of the blood, 
especially the platelets, and also in aU other cells of the organ- 
ism. In the circulating blood these three components are not 
able to react with each other and form thrombin, for the tissue 
factor is separated spatially from the others, being enveloped 
in the cells. Only when blood is shed the tissue factor is set 
free, partly from the edges of the wound, partly by disintegra- 
tion of the platelets, and the coagulation is started by its reac- 
tion with the Ca ions and prothrombin. 
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The second phase of the coagulation, the transformation of 
fibrinogen into fibiin through the action of thrombin, requires 
no additional factor. 

Since the advancement of Morawitz’ coagulation theory 
numerous authors have dealt with this subject and the literature 
has brought a number of widely divergent or directly conflicting 
findings and hypotheses. As pointed out by Wohlisch^®^ (1940) 
not only had each author his own theory, but in the course of 
time he has often modified or altered it, so that gradually the 
coagulation theories outnumbered the investigators working in 
this field. An additional source of confusion was implied in the 
circumstance that the terms employed by the various authors 
did not always cover the same things. 

The conflicting experimental results were chiefly due to the 
fact that the isolated components and systems of components 
used for investigation were exceedingly impure, so that their 
properties varied considerably. Gradually, however, as the 
criteria of the purity of the preparations improved and the 
preparations became pxirer, the many different works and hypo- 
theses were taken up for revision, and it was found that only 
those which were based on the coagulation theory elaborated 
by Mobawitz could stand a critical revision. In the past 40 
years it has not been necessary to modify this theory or to 
add any essential feature to it. 

While nearly all investigators now subscribe to the scheme 
set up by Mobawitz, opinions are still widely divergent as to 
the physicochemical aspects of the various components involved 
and their exceedingly complicated reactions to each other. 

J. Bobdet^® (1920) is of the opinion that -the prothrombin 
as such does not occur in free form in the circulating blood, 
but as a precursor (“proserocym”). When blood is shed, contact 
with rough surfaces and the- presence of calcium ions bring 
about a transformation of this precursor into prothrombin 
(“serocym”) which then reacts with the tissue factor, forming 
thrombin. According to Bokdet, thrombin is a chemical, com- 
bination of prothrombin with the tissue factor. 

Also Howells^, s®. ss. (igii_ 35 ) holds that prothrombin 
is not present in the plasma in the free state but is combined 
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with a coagulation-inhibiting substance. In his first work he 
designates this substance as antithrombin, but after he had 
succeeded in 1918 in isolating a coagulation-inhibiting sub- 
stance — ^lieparin — ^from hver extracts, and as this substance 
subsequently was demonstrated to be present in normal blood 
although in small amounts, heparin has taken over the role of 
antithrombin. According to Howell, heparin acts as an anti- 
prothrombin, but besides this action it also activates a hypo- 
thetical substance present in the plasma, transforming it into 
an inhibitor against thrombin (antithrombin). According to 
Howell, heparin is of importance for the stability of the 
circulating blood as its combination vdth prothrombin prevents 
the transformation of this substance into thrombin, and by its 
formation of an antithrombin it yields a substance which is 
able to neutralize the thrombin that may be liberated in the 
circulating blood under normal circumstances. 

When blood is shed heparin is neutralized by the liberated 
tissue factor, and prothrombin, which now is set free, is trans- 
formed into thrombin through the action of the Ca ions. 

According to I^scher^®* (1934-36), thrombin may 

be regarded as a denaturing enzyme, the action of which may 
be abohshed bj*- heparin, which stabilizes the proteins and pro- 
tects them against denaturing. Pure fibrinogen is not affected 
by heparin, however. 

Fuchs (1933) combines in part the views advanced by 
Bordet with those of Howell. Thus he thinks that aU the 
factors required for the coagulation are present in the circu- 
lating blood. Prothrombin is stabihzed, however, by an anti- 
thrombin (= heparin) and the tissue factor, which is capable 
of breaking this combination, is bound and inactivated by the 
plasma proteins. According to PucHS, the coagulation is brought 
about by the circumstance that an additional amount of tissue 
factor is liberated from the platelets and the edges of the 
wound. Thus the equilibrium is disturbed, prothrombin is 
liberated and this substance now combines with the tissue 
factor in the presence of calcium ions into a chemical com- 
pound: thrombin. 

Besides these briefly outlined theories, it may merely be 
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mentioned that a niunher of authors — e. g.. Node®®, Mills®*, 
Heeiha®^, Stuber^^®' — ^fcry to explain the mechanism of 

coagulation as entirely resulting from colloid-chemical changes 
in fibrinogen, looking upon thrombin merely as a by-product 
from these processes. But, as mentioned already, this is in 
conflict with Mobawitz’ theory and not able to stand modem 
revision and criticism. 

For detailfl of the theories briefly outlined above and many 
other different points of view, the reader is referred to the 
comprehensive reviews given by Wohlisch^®®' Howell®® 
and OppE2«aEi»iEE®®. 



Chapter II. 

EAELIER INVESTIGATIONS ON ANTITHROMBIN 


The first investigator to discover pathological changes in the 
coagulation of the blood was ScmmsTAIiiHLHEiMi'® in 

1880 found that intravenous injection of Wttte peptone in 
dogs gave a marked inhibition of coagulation of the blood. In 
the following years numerous authors took up this problem 
for further study and, among others, Conte jean succeeded 
in demonstrating that the failing capacity of the blood for 
coagulation was due at any rate in part to the circumstance 
that the injection of peptone resulted in the formation of a 
new coagulation-inhibiting substance which was assumed to 
inactivate thrombin, A few years later, in 1901, Bordet & 
Gengott^® were able to demonstrate that immunization of 
guinea-pigs with fresh serum likewise resulted in the formation 
of an antibody against thrombin. The authors took this sub- 
stance to be a species-specific immune antithrombin aimed 
against the particular thrombin present in the serum employed 
for the immunization. 

Alexander Schmidt^i® (1892) was the first to advance the 
hypothesis that also the normal circulating blood contained a 
coagulation-inhibiting substance, and although he did not suc- 
ceed in proving conclusively the existence of this substance, 
he considered it very important to the stability of the blood. 

In 1904 Mobawitz®^* ®2 succeeded in demonstrating in plasma 
as well as in the serum of normal animals the presence of an 
inhibitory substance that lowered the action of thrombin 
markedly. Moeawitz named this substance antithrombin. Ac- 
cording to his statement, this antithrombin was undialysable, 
and it was destroyed by heating for some time to over 60° and 



IS 


ANTITHKOaiBm CONTENT OP THE BLOOD 


by the addition of acid or alkali. Moeawitz assumed that this 
antithxombin was present in the circulating blood, and played 
a considerable role in the normal coagulation. 

In the following years a number of investigators confirmed 
the observation reported by Moeawitz. S’or instance, Colling- 
wooD & McMahon^’' (1912) showed that an antithrombin was 
present in human blood, and that the amoxmt of it in plasma 
and serum was practically the same. These authors regarded it 
as a proteolytic enzyme aimed against thrombin. 

As to the significance of this antithrombin, however, opinions 
were widely divergent. In contrast to Moeawitz, some authors 
thought that the antithrombin was only of slight signifi- 
cance, or none at ail. This applies, for instance, to" Pekel- 
HAKiNG^®" (1913) who claimed that the coagulation-inhibiting 
effect of the serum was due to unspecific substances formed 
after the coagulation; and Pickeeing & Hewitt^'^^, loa found 
the assumption of the presence of an antithrombin to be quite 
uimecessary. 

On the other hand, Mellanby®^ (1909) found that serum 
contained a great deal of antithrombin, as even small amounts 
of serum were able to inactivate considerable amounts of throm- 
bin. As the thrombin solution was only a little less active 
against plasma than against a corresponding solution of fibri- 
nogen, however, Mellanby concluded that thrombin has a much 
stronger affinity for fibrinogen than for antithrombin, and that 
the influence of antithrombin on the normal coagulation, , there- 
fore, was only very slight. According to Mellanby, the effect 
of antithrombin was not species-specific, since avian thrombin 
was neutralized by rabbit serum as well as by human hydrocele 
fluid. 

Like Moeawitz, also Nolp®® (1913) and Howell®^ and col- 
laborators (1911-18) were of the opinion that antithrombin is 
very important for the preservation of the fluid state of the 
circulating blood. Hole attempted to alter the term anti- 
thrombin to “antithrombosin”, but this suggestion met with 
no appreciation because his coagulation theory soon proved 
erroneous. Howell, as mentioned already, assigned an im- 
portant role to antithrombin in his new coagulation theoiy as 
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well as in the older one, and he and his pupils have reported 
several extensive studies aimed to elucidate the significance of 
antithrombin, its properties and its aspects in various patho- 
logical conditions. 

Thus, Davis^i, a pupil of HowelL found that intravenous 
injection of thrombin solutions into various animals produced 
no intravascular coagulation. On the contrary, this treatment 
resulted in a protracted coagulation time, which he explained 
as due to an increased antithrombin formation provoked by 
the injection of thrombin and to the rapid neutrahzation of 
the thrombin by this antithrombin. However, he made no 
attempt to prove this hypothesis. In the opinion of Daws, 
then, the antithrombin played a considerable stabilizing role. 

In studies on the properties of antithrombin, Howell®’ and 
Weyiuoitth’^^®, found that antithrombin was destroyed by heat- 
ing to over 65-70°, and that even heating to 60° for some 
length of time would injure the antithrombin considerably. 
Like CoLLLNGWOOD & McM."vHOn2®, also Howell®® found the 
activity of antithrombin against thrombin to increase with 
increasing temperature, the optimum being about 37°. This he 
considered particularly important to the maintenance of the 
fluid state of the circulating mammahan blood which in his 
opinion contained but httle antithrombin. According to Ho- 
well®^ and also Weysiohth’^s^ the antithrombin was neutral- 
ized by tissue extract. 

Howell®’ emphasized strongly — ^what had already been real- 
ized by Morawitz®^ and by Mellanby®^ — that in order to 
exert its full activity antithrombin required incubation with 
the thrombin for a certain length of time. If this condition 
was not taken into account, the presence of small amounts of 
antithrombin in the plasma would not be noticed at all. 

Hrom these views concerning the nature of the antithrombin 
Howell®’ elaborated his method for determination of anti- 
thrombin, which differed to some extent from those employed 
previously. Its principal features were as follows: The plasma 
in question was defibrinated by heating to 54° for 5 minutes; 
then one drop of this plasma was added to a series of tubes 
containing varying amounts of thrombin; and after 15 minutes’ 
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incubation the coagulation time was measured after the addi- 
tion of fibrinogen solution. Comparison with a control plasma 
thus afforded a rough relative estimation of the amount of 
antithrombin in the plasma. By means of this method, Ho- 
well®’ found in comparative studies on plasma of various 
species that the antithrombin content was largest in the rab- 
bit, somewhat smaller in man, and least in the cat. He was 
also able to demonstrate®® that lymph obtained from the 
thoracic duct of the dog contained antithrombin in the same 
amount as found in the blood plasma. 

The statements mentioned agree fairly" well with our present 
view, but they were disputed strongly by various authors. Thus, 
for instance, Pekelhaeing^®® (1913) as well as We'oioijth’^^® 
(1913) — in contrast to Morawitz®^ — ^found that it was possible 
by protracted dialysis to remove the antithrombin from the 
plasma or, at any rate, attenuate it considerably. Pekel- 
haeing’^®® further found that the antithrombin could be ex- 
tracted with alcohol, whereas Mellanby®'* (1909) claimed that 
alcohol destroyed the antithrombin. 

As mentioned, one of the principal reasons for the con- 
flicting experimental results was the circumstance that the term 
antithrombin was applied to all coagulation and thrombin- 
inhibiting substances present in, or extractable from, tissues as 
well as the blood, and these substances were aU taken to be 
identical. This conception resulted in several communications 
showing that antithrombin could be obtained by extraction 
from various organs, in particular the liver. Especially Doyon 
and his collaborators®®’ ®® (1908-19) investigated this question 
rather thoroughly and showed that this strong coagulation- 
inhibiting substance could be obtained from nearly aU organs 
and also from the blood in various ways, particularly by ex- 
traction with chloroform, and that this substance was ther- 
mostable, being able to withstand boiling even for some length 
of time. ScHiCKELE^^’ (1912) likewise obtained a coagulation- 
mhibiting thermostable substance from the juice pressed out 
from various organs, especially from the uterine mucosa, but 
he found this substance to be removed by dialysis. HrEtniA®® 
(1923) obtained a similar anticoagulant from the intima, media 
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and adventitia of the aorta of dogs by simple extraction vTth 
physiological salt solution, whereas human aorta yielded no 
such substance on similar extraction. Also Pickeeihg & Hew- 
itjio 4 (1922), who as mentioned already positively denied 
the existence of any specific antithrombin, found that coagula- 
tion-inhibiting substances could be obtained from various organs 
by extraction, but they claimed that the same thing happened 
on extraction of edestin, and that the substances thus obtained, 
therefore, were simply xmspecifie split products resultmg from 
hydrolysis of proteins, not physiological cellular products aimed 
against thrombin. 

The view of Doyon, that the anticoagulant obtained by him 
was identical with the antithrombin occurring in normal blood, 
was disputed by JIinot®® (1916) who pointed out that the anti- 
thrombin was destroyed by chloroform, and that it was im- 
possible to demonstrate a,ny antithrombin in chloroform ex- 
tracts of serum and plasma. His statements Avere later con- 
firmed by P. Bordet^^> (1929). 

The appearance of a strongly coagulation-inhibiting sub- 
stance in peptone blood in dogs and cats, which most authors 
— according to W6 hlich^^°, even as late as in 1929 — attributed 
to a simple increase in the inhibiting substance present in nor- 
mal blood, led to a number of studies and speculations as to 
the site of the formation of this substance. According to De- 
LEZENNE32. 33 (1896), CAsnJS & Cley^^ (1910) and Nolf®'* (1910) 
it was possible to demonstrate a coagulation-inliibiting sub- 
stance even in the perfusion fluid from an isolated liver per- 
fused with a peptone solution; and the authors took this to 
indicate that the liver was the site of the formation of this 
substance. This view was advocated in particular by ISTolf®^ 
who thought he was able to demonstrate that the formation 
of tliis substance required a particular cellular activity as it 
was secreted only when the hver was quite fresh, not if the 
liver had been lying for half an hoxrr prior to the perfusion. 
Nolf assumed the capiUarj'^ endothehum of the hver to be 
particularljr acthm in this respect. 

Also other authors arrived at the conclusion that the hver 
Avas at anj^ rate the principal site of the formation of this sub- 
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stance — e. g. Popielsky1°® (1913), Doyon^b ( 1919 ) and Abthtjs® 
(1919) who by various ligations excluded the liver from the 
circulation and then injected peptone intravenously, whereafter 
they estimated the amount of antithrombin formed. In every 
instance the antithrombin formation turned out to he lowered 
considerably, although it had not ceased completely. 

By exclusion of other organs or groups of organs from the 
circulation by means of ligation and estimation of the amount 
of antithrombin after injection of peptone, Popielsky^®® thought 
he was able to show that antithrombin was formed in other 
organs, too. In his opinion the antithrombin formation took 
place in the vascular endothelium of the liver, intestine and 
extremities. Also Rogeb & Binnet^^^' (1925) thought that 
antithrombin could be formed outside the liver — ^namely, in 
the lungs. 

Employing Howell’s method for antithrombin determina- 
tion, Denny & Minot^^ (1915) showed that venous blood from 
the liver, spleen or kidneys contained no more antithrombin 
than did the blood taken from the jugular vein, but when 
congestion of these organs was produced, the venous blood from 
the liver showed an increase in antithrombin. According to 
these authors phosphorus intoxication produced a fall in anti- 
thrombin, indicating that the liver might be the principal site 
of the antithrombin formation. 

Pickering & Hewitt^ (1922) tried to disprove the asser- 
tion made by Davis, that injection of thrombin gave rise to 
an increased antithrombin formation and that this was the 
reason why no intravascular coagulation took place. These 
authors excluded the liver from the circulation by ligation of 
the vena cava and abdominal aorta, whereafter they injected 
thrombin intravenously, and yet there was no intravascular 
coagulation. According to their opinion, this proved that the 
view of Davis was erroneous, and that the fluid state of the 
blood in the vessels was not due to any antithrombin. 

Presumably this absence of intravascular coagulation on in- 
jection of thrombin observed by Davis & Pickering was due 
to the low activity of the thrombin preparations employed for 
their experiments. Subsequent experiments by other investi- 
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gators (afELHAEBY^s, AsTBTO & VoBKERT^®) have shown that 
intravenous injection of potent thrombin solutions causes im- 
mediate death from intravascular coagulation. 

Biebel & Kkahs^' (1909) and, a little later, Arthtjsi- 2. 3 
(1910) showed that, besides peptone shock, also anaphylactic 
shock was associated with inhibition of coagulation — at times, 
even with total incoagulability — of the blood in the rabbit and 
especially in the dog, and these authors thought that the two 
forms of shock involved the same mechanism. Pepper & Kmumb- 
haari°i (1914), Aethhs^ (1919) and Zxnjz & La Barre^^s (1925) 
thought they were able to demonstrate that this inhibition of 
coagulation was due to the formation of an antithrombin. By 
ligation of the veins of the hver Arthus® shoved that also 
under such conditions these forms of shock were associated 
with an increase in the antithrombin content of the blood, 
though considerably less pronounced. So, hi these experiments, 
too, the liver appeared to be the most important though not 
the only site of the antithrombin formation. 

From the findings mentioned above it thus, seems probable 
that inhibition of the coagulation of the blood associated with 
peptone shock and perhaps also with anaphylactic shock, 
especially in the dog, was due to the formation of an inhibitor^’' 
substance, which was chieflj’^ produced in the liver. Until a 
few j’^ears ago, this substance was considered identical with 
the antithrombin of normal occurrence, but subsequently it 
was found to be an entirely different, specific, clotting-inhibiting 
substance with properties quite different from those of the 
normal antithrombin. This substance was called heparin — after 
the organ in which it was first demonstrated, and it was a more 
thorough investigation of this substance, its properties and 
occurrence that opened the way for a better understanding of 
the antithrombin found in normal blood. 

In conclusion it will be appropriate briefly to mention the 
so-called metathrombin, as this has played a great role, in 
particular recently, in the theoretical considerations of anti- 
thrombin. 

Left standing, a serum soon loses its activity for clotting 
fibrinogen. Mora’WITZ®^ (1905) interpreted this phenomenon as 
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an inactivation or alteration of the thrombin, and designated 
this inactive form as metathrombin. As far as is known, this 
metathrombin is not present in the plasma. Even Alexander 
ScHjnDT^^® (1892) realized the existence of such a substance 
in the serum, and he succeeded in showing that it could again 
be transformed into thrombin by the so-called alcah activation, 
i. e., by addition of n/10 ISTaOH and, 15 minutes later, neu- 
trahzation by addition of n/10 HCl. Morawitz®^ showed that 
also acidification of the serum and subsequent neutralization 
has the same effect; and later investigations have demonstrated 
that this reactivation might be brought about in widely dif- 
ferent ways. 

Morawitz thought that the disappearance of thrombin from 
the serum when left standing was due to polymerization in 
some way or other. On the other hand, Pekelharing^®® (1913) 
claimed that the inactivation was due to the formation of 
imspecific inhibitory substances that could be inactivated by 
addition of acids. 

Mellanby®* (1909) and, later, Collingwood & McMahon®’ 
(1912) asserted that it was kinase that was set free by the 
aicali activation, but this view was soon disproved, as the 
activity of the reactivated serum with regard to fibrinogen 
was independent of the presence of the calcium ions (Gassee°® 
(1917)). 

According to studies reported by Weymouth’^®® (1913), Gas- 
ser®® (1917) and Rtch’^^ (1917), the metathrombin is an anti- 
thrombin-thrombin combination because, as emphasized by 
Rich, metathrombin was formed independently of kinase and 
Ca ions; it could be formed by antithrombin and thrombin, 
but not in solutions lacking one of these two components. 
Further, in solutions containing both of these components, the 
metathrombin formation was associated with a gradual decrease 
in the amounts of antithrombin and thrombin. 

How the linkage of antithrombin-thrombin takes place and 
how the thrombin-inhibitory effect of serum may be explained 
will be dealt ^vith more thoroughly below. 



Chapter III. 

RECENT STUDIES ON ANTITHROmiN 

In 1918, Howell & Holt’® introduced a new component — 
hepa'rin — ^into.the discussion about the mechanism of the coa- 
gulation of the blood. This substance, which had been prepared 
two years previously by Me Lean®’, in Howell’s laboratory, 
proved to have an extraordinarily strong coagulation-inhibiting 
effect. This action Ho^VELL attributed to two properties: 1) 
heparin acted as a strong antiprothrombin, and 2) it activated 
a hypothetical proantithrombin, present in the plasma, into a 
true antithrombin. According to Howell heparin took part in 
both phases of the coagulation of the blood. It was soon found 
(1930-40) that heparin could be obtained from most organs 
(Charles & Scott®®, Fuchs®’, Jobpes’®, King’®, Mellanby®®, 
Fischer®®, Astrup & Behents Jensen’. According to Wi- 
landeb’®® (1939) it is formed by the mast cells, which are 
particularly numerous in the liver capsule. As mentioned be- 
fore, heparin was found to be a thermostable substance, pro- 
bably being a mucoitin-polysulphuric acid, and its inhibitory 
action was instantaneous. 

The discovery of heparin gave Howell®® (1924) the idea 
that this was the substance given off to the blood stream in 
peptone shock and caused the incoagulability of the blood in 
this condition. Indeed, Howell was able from peptone blood 
to prepare a substance which he assumed to be heparin, judging 
from the procedure employed for its preparation and from the 
properties it possessed. This has since been confirmed in studies 
reported by Fuchs®’ (1930), Quick’®’ (1936), Waters, kLiRKO- 
•witz & Jaques’®® (1938) and Wilander’®® (1939) who all 
found large amounts of a heparin-like substance in peptone 
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blood. According to Waters, Markowitz & Jaqtjes the amount 
of heparin obtainable from the blood of a dog after a peptone 
shock would be up to one third of the normal heparin content 
of a dog hver; and according to Wilander, the amount of 
heparin in 100 cc. of dog blood after a shock would be between 
3 and 6 mg. According to these investigations there appeared 
to be no doubt that the lack of coagulability of the peptone 
blood would be due chiefly to an excretion of heparin into the 
blood stream. 

The conditions in anaphylactic shock appear to be analogous. 
Eagle, Johnston & Bavdin^® (1937) found that inhibition of 
the coagulation was due to the presence of an inhibitory sub- 
stance, not to the absence of either thrombin or fibrinogen 
Waters, Markowitz & Jaqtjes^®® (1938) and Jaqhbs & Wa- 
ters’® (1940) could inactivate the shock plasma by adding 
protamin, which combines with heparin quantitively, and they 
also obtained heparin from shock plasma after the method given 
by Charles & Scott®®. They found that both in the rabbit 
and the dog the blood contained large amounts of heparin 
after anaphylactic shock, practically the same amount as in 
peptone blood. 

These studies on heparin, its properties and occurrence in 
various tissues as well as in the blood under conditions of 
shock threw some new light on many of the older, apparently 
conflicting investigations. The substance which previous in- 
vestigators had obtained from the organs and formd in the 
blood in peptone and anaphylactic shock was probably heparin. 
Also their statements concerning the site of the formation of 
this substance appeared to be correct, as the hver is particularly 
rich iri heparin, while it is found also in other organs, as em- 
phasized by many of the older authors. 

Recent investigations reported by Waters, Markowitz & 
Jaqxtes have shown — ^just hke some older studies— that ex- 
clusion of the liver from the circulation prior to the shock 
prevented an excretion of heparin into the blood stream. 

In order to obtain evidence for his theory of blood clotting, 
Howell®® (1924) investigated whether normal blood contains 
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any measurable amount of heparin, and he succeeded in de- 
monstrating the presence of small amoxmts of a substance 
which presumably was heparin. This was confirmed by PucHS®^ 
(1930), Wilahder^29 (1939) Charles & Scott®® (1933), 
but the amount of heparin found was extremely slight. Thus 
Wilandee gave the heparin content of ox plasma as 1-1.5 
mg. per liter, and Charles & Scott found only 60 units of 
heparin per liter of ox plasma (1 imit = the amount of heparin 
required to prevent coagulation of 1 ce. of cat plasma in 24 
hours). In serum these authors found no measurable amount 
of heparin. 

We shall not here discuss Howell’s hypothesis about the 
significance of heparin to the coagulation of normal blood®®- ’®, 
but merely establish that the exceedingly small amounts of 
heparin found are not at any rate sufficient to explain all the 
thrombin-inactivating property of normal plasma and serum. 
As stated already by Mellanby and later confirmed by many 
other authors, a very considerable amount of thrombin can be 
inactivated even by small amounts of serum or plasma. 

Howell®® (1924) claimed that normal antithrombin and the 
antithrombin resulting from addition of heparin were two dif- 
ferent substances, and that the addition of heparin to plasma 
thus did not increase the metathrombin formation. Only quite 
recently, however, Astbot & Daruho®- (1941) have suc- 
ceeded in proving this conclusively. 

According to Howell®®- (1924) heparin was not able bj’ 
itself to inactivate thrombin, as a solution of thrombin and 
fibrinogen coagulated regardless of the presence or absence of 
heparin. On the other hand, the addition of heparin to plasma 
had a most powerful thrombin-inhibiting effect, and from this 
observation Ho%vell concluded that blood must also contain 
a cofactor (~ proantithrombin) necessary for the inhibitory 
action of heparin. This cofactor was thermolabde, and according 
to the findings of Howell it was closely associated Avith the 
plasma proteins. 

In contrast hereto, HIellanby®® (1935) and Fergusok^< (1938) 
took heparin to be an independent, active thrombin-inhibiting 
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substance, as, according to their investigations, without the 
presence of plasma it inhibited the coagulation of a solution 
of thrombin and fibrinogen. 

According to (1938), this observation was due to 

the fact that Mellanby employed for his experiments a solu- 
tion of fibrinogen obtained by precipitation with (1^114)2804, 
and that this solution contained also the cofactor. But on 
employment of a fibrinogen solution obtained by precipitation 
with NaCl, the heparin was found to be ineffective. On the 
addition of a small amount of plasma + heparin to the throm- 
bin-fibrinogen solution, the result was a strong inhibition of 
the coagulation. Quick: thus confirmed the view of Howell: 
that plasma contains a cofactor necessary to the action of 
heparin, and that heparin alone has no effect. 

Also Fischeb.^^ (1936), Jaques & Mustaed^^ (1940) and 
Astrup & Daeling®' (1941) hold the view that the presence 
of plasma is necessary to the coagulation-inhibiting activity of 
heparin. 

While Mellanby®® like Howell considered the normal anti- 
thrombin and the antithrombin appearing on the addition of 
heparin as two independent factors, QxncK^®’ (1936) advanced 
another theory. According to him, the substance which, com- 
bined with heparin gives a strong thrombin-inhibiting effect, 
is the normal antithrombin of the blood, which according to 
Quick (see below) was taken to be identical with, or at any 
rate closely associated with the serum albumins. 

Quick demonstrated, as later confirmed by Jaques'^^ and by 
Astrup & Darling®’ that the cofactor necessary was pre- 
sent also in a solution of serum albumin, and that the com- 
bination of heparin -f- cofactor showed the same thermolability 
as does the normal antithrombin, being destroyed by heating 
to 67°. 

According to Quick’s theory, the albumins of the blood had 
a specific affinity for thrombin. Normally, however, this affinity 
was only slight, not nearly so strong as the affinity of fibrinogen 
for thrombin, and normally these weak-acting albumins were 
therefore not able to prevent the coagulation, being unable to 
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exert their effect until fibrinogen had been transformed into 
fibrin. When heparin was added to the blood, however, this 
affinity of albumin for thrombin increased markedly and ex- 
ceeded the affinity of fibrinogen for thrombin. Now, therefore, 
thrombin combined first with this activated albumin, by which 
process it was inactivated, so that it could no longer react with 
fibrinogen. 

This theory, however, could not stand a more thorough in- 
vestigation. According to Astbhp & DARLiifG® (1941) it is 
possible by purification of serum albumin to separate 1) a frac- 
tion that has no thrombin-inhibitory action, but can be ac- 
tivated by heparin, and 2) a fraction that neutrahzes thrombin, 
but cannot be activated further by heparin. These authors 
further fotmd that while thrombin combines quantitatively with 
antithrombin, the combination of heparin -f cofactor as well 
as the combination between tliis complex and thrombin ap- 
peared to dissociate rather markedly. KnaUy the authors de- 
monstrated that it is possible in ox plasma to inactivate the 
cofactor by heating to 56°, whereas the thrombin-inhibiting 
property of the plasma itself was not impaired to any parti- 
cular extent in this way. 

These investigations have since been continued and ex- 
tended by Astrttp & Darling found that the heparin 

cofactor in bovine as well as human plasma disappeared almost 
completely within a few minutes when the plasma coagulated, 
no matter whether this coagulation took -place by clotting or 
was brought about by heating to 64-55° for 5 minutes. The 
antithrombin of the plasma, on the other hand, was again 
foimd unchanged in the serum resulting from the heating of 
the plasma as well as on normal coagulation. 

While thus the cofactor alone was extremely labile, the com- 
bination of cofactor -j- heparin was according to Astrttp & 
Dabiing^^ (1942) considerably more stable, not being destroyed 
by heat coagulation at 56° or by spontaneous coagulation. On 
comparing the thermostability of the combination heparin -f- 
cofactor and the fraction of albumins that possess thrombin- 
inactivating properties but were refractory to hepaiin, Astrttp 
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& Darung found the conditions here to he almost alike, only 
that heparin + cofactor perhaps was a little less stable than 
the other combination, especially at lower temperatures. 

As recent investigations by. Brtnkhohs and collaborators^® 
(1939) and Astrhp'^ (1939) have further demonstrated that 
plasma also contains a cofactor indispensable to the antipro- 
thrombin activity of heparin. It thus appears that normal 
plasma and serum contain one or perhaps two components 
acting as cofactors for heparin in its prothrombin-inactivating 
and thrombin-inactivating capacity. Besides these unknown 
factors there must be a third component, since plasma inde- 
pendently of the addition of heparin is able to inactivate 
thrombin. The question then arises whether the thrombin- 
inactivating property of plasma and serum is due to this com- 
ponent alone, or whether perhaps heparin together with the 
cofactor participates in this activity. So far, all investigators 
with the exception of Quick — ^whose theory, as pointed out 
before, is erroneous — have assumed antithrombin to .be com- 
pletely independent of heparin. 

According to both older and more recent observations 
(Mora WITZ®®, Mellanby®^, Weymouth^®®, Howell®^- ®®>, 
QuickC ®® and Astruf & Darling®' i®) this normal anti- 
thrombin can be characterized by the following properties: 

1) It is thermolabile, being destroyed completely by heating 
to 65°, but being somewhat impaired also at temperatures 
below this level. 

2) Its effect on thrombin increases with increasing temperatmre, 
the optimum temperature being about 37°. 

3) For the exertion of its complete activity it requires a cer- 
tain incubation period with thrombin, at least 16 minutes. 

4) It is closely associated with the albumins of the blood, and 
on fractionation it follows this fraction almost exactly. 

5) Its activity increases proportionally to the amount of plasma 
or serum, and the combination of antithrombin with throm- 
bin is quantitative. 

6) Antithrombin is destroyed by chloroform and ether. 
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Influenced by the discovery of bepaiin and its significance, 
tbe view has been advocated, in particular recently, that this 
antithrombin does not exist as an independent specific sub- 
stance directed against thrombin, and that the thrombin- 
inactivating property of plasma and serum is merely due to 
the unspecific enzyme-inhibiting effect of the serum proteins, 
especially the albumins, by simple adsorption. 

Considering these questions, the problems concerning the 
formation of metathrombin in serum and the resulting mactiva- 
tion of the serum have been of great importance. 

Shortly after Mobaavitz’ discovery of antithrombin, Rett- 
(1909) advanced the view that the capacity of serum 
for neutrahzation of its own thrombin content and of addi- 
tional thrombin was due to the fact that the thrombin combined 
with the serum proteins. According to Rettger, this combina- 
tion was rather loose and could be broken by alcali activation. 
Although Rettger looked upon the binding of thrombin as a 
quite imspecific adsorption, he stiU assigned a great importance 
to it in vivo, as he was of the opinion that the small amounts 
of thrombin that were being formed continuously were neu- 
tralized in this way. At the same time that Rettger advanced 
this view, Hedin®®* (1909) demonstrated that serum was able 
to inhibit various enzymes — ^for instance, the rennet enzyme. 
This had been demonstrated even previously by Landsteieer®° 
(1900) in the case of trypsin, but Hedin showed that this in- 
hibition took place through the same mechanism as the one by 
which enzymes were inhibited by active carbon, i. e., by simple 
adsorption. Thus Hedin found that the enzyme-inhibitory ac- 
tion of serum and carbon to some extent was dependent on 
the temperature and incubation period, and that the combina- 
tion of serum and enzyme (though only in the case of reimet 
enzyme) could be broken bj"- addition of acid, by which the 
enz3’’me was again set free. According to Hedin the combina- 
tions of serum and enzyme and carbon and enzyme were at 
any rate partly dissociated. These findings were shortly after- 
wards confirmed by Eriohsson^® (1911) in studies on the in- 
hibitory action of serum and carbon on invertin. Here the in- 
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hibition was in both instances in some degree dependent upon 
the incubation period and temperature. These studies prompted 
Landsbeeg’^ (1913) to see whether similar conditions held good 
in the case of the inactivation of thrombin by serum. Lands- 
BEKG examined the mactivating influence of various substances 
on thrombin — ^for instance carbon, casein, and the commer- 
cially manufactured serum albumin — and he thought he was 
able to demonstrate that they were all capable of inhibiting 
thrombin considerably, and that this inhibition, as in Hedin’s 
investigations, to a certain extent was dependent upon the 
temperature and incubation period, that it was, at any rate 
partially, reversible, and that the thrombin could be liberated 
again by alkali activation. Erom these findings, therefore, 
Lakdsbeeg thought it safe to conclude that the thrombin- 
inhibiting effect of serum was due to simple adsorption. 

These investigations were in conflict, however, with the 
findings previously reported by Mobawitz®^ (1904) — ^that var- 
ious proteins such as milk, egg albumin, etc., when present in 
the same concentration as the serum proteins, had no inhibitory 
influence on thrombin. Also some subsequent studies reported 
by Gasser®® (1917) were in conflict with the observations of 
Landsberg. Thus Gasser formd that thrombin combines much 
more strongly with serum than with other colloids as caolin, 
milk, etc., and that metathrombin was an irreversible combina- 
tion, whereas the enzyme adsorptions were reversible, at any 
rate in part. Finally, the alkali activation was found to destroy 
the antithrombin, whereas, according to Landsberg, this pro- 
cess merely liberated the thrombin from the serum proteins. 

As mentioned previously, Gasser and two other of Howell’s 
pupils, WEV2aoDTHi2® (1913) and (1917), looked upon 

metathrombin as a combination of thrombin and a specific 
antithrombin. 

Recently, however, the views presented by Rettger and 
Landsberg have been advocated again. Thus, Qtjick^®® (1938) 
found as was later confirmed by W6 hlisch^®'^> (1940), 
Jaques & Mtijstard’2 (1940) and Astrup & Dariing®> 
(1941) that on fractionation of the plasma proteins nearly all 
the thrombin-inhibiting potency remains in the albumin frac- 
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tion; and Quick further demonstrated that heating to 67 °, 
which destroys the antithrombin, is also associated with in- 
cipient irreversible changes in the albumin molecules. Also the 
isolated albumin fraction lost its thrombin-inhibiting effect on 
being heated to this critical temperature. 

Quick did not think, however, that the thrombin -inhibiting 
property of the albumins was due to a simple adsorption, but 
rather was of a specific character, as, like Gasser and Moea- 
VOTZ, he found that other proteins (e. g., egg albumin) had no 
tlirombin-inhibiting effect. As pointed out above, Quick as- 
, sumed that the protein-inhibiting property associated vith the 
albumins was identical with the cofactor required for the 
formation of an antithrombin from heparin. His theory was 
however found not to hold true on more thorough investiga- 
tion. Astrup & Darlikg^^ (1942) hkewise thought that the 
thrombin-inactivating properties of the albumins must be of a 
specific nature; they based their \dew on the afore -mentioned 
observation that further purification of the albumin fraction 
could yield fractions that had no antithrombin effect whatever. 

Other authors such as Lekggenhager®® (1940) and, in parti- 
cular, WoHLiscn^^i, 132 (1940) have again taken up the old 
theory as advocated by Rettgeb and Lakdsbebg. Like Quick, 
WoHLiscH demonstrated that practically the entire thrombin- 
inhibiting effect was found in the albumins of the plasma. On 
the basis of this and the old findings reported by Hedik, Rett- 
GER and Landsberg, he asserted that the antithi’ombin effect 
of plasma and serum was due exclusively to the plasma and 
serum proteins, while metathrombin merely was to be regarded 
as the binding of thrombin to these proteins by simple adsorp- 
tion. This view, however, is contrary to the observations re- 
ported by Moeavutz, Gasser, Quick and Astrup & Daelixg. 

Furthermore, Hedik mentions himself that JIoegekroth has 
shown that the toxin-antitoxin combmation likewise can be 
broken by acid activation so that the toxin again becomes free. 

According^, the reactivation of metathrombin by acid and 
alkali activation cannot be taken to indicate that we are deahng 
merely with an unspecific adsorption, as specific bindings mai’’ 
also be broken bj’’ this treatment. Finally, a rather considerable 

3 
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increase in the antithrombin content of the blood has been 
demonstrated by various authors under certain pathological 
conditions. Under the pathological conditions in question no 
evidence was found for an increase of the albumin content of 
the blood. This applies in partictilar to such pathological condi- 
tions as the increase in antithrombin oh immunization as re- 
ported first by Bordet^® (1901) and later confirmed by Uycker- 
HOFF^^ (1939), and in obstructive jaundice as demonstrated by 
Barlik^s ( 1933 ) and Dvckeehoff^® (1940). If these findings 
prove correct, therefore, they seem to me to point very strongly 
against the adsorption theory, and it Avill be more rational, I 
think, to assume that the thrombin-inhibiting effect of plasma 
and serum is due to a specific substance or — as this substance 
now has been demonstrated by various investigators to be 
closely associated with the albumins — a specific property of 
these proteins. 

As pointed out previously, however, it is also conceivable 
that heparin or, rather, heparin -f- cofactor, play a role, too; 
and even though this be a minor role under normal conditions, 
the possibility is by no means excluded that its importance 
may alter considerably under pathological conditions. Perhaps 
it may even be the entire cause of the above-mentioned un- 
explained increase in antithrombic activity. 

The studies to be presented below were therefore undertaken 
primarily mth a view to obtain a rhore accurate knowledge 
of the quantitative aspects of antithrombin under normal as 
well as pathological conditions, and then by fmther investiga- 
tion of the results obtained here to investigate the problem of 
the identity of antithrombin. 



Chapter IV. 

DETERMINATION OF THE ANTITHROMBIN 
CONTENT OF THE BLOOD 

In the present work the antithrombin content of the blood 
has been determined by employment of a method described 
bj'^ Asteup & Daeling^^. The principle of this method is the 
addition of various amounts of serum to 1 cc. of a thrombin 
solution of known strength, incubation of this mixture in a 
water-bath at 37° for 16 minutes, and measuring of the activity 
of the mixture by adding a solution of fibrinogen. B 3 '^ comparison 
Avith a control solittion free from serum it is possible to cal- 
culate how much of the thrombin is left, and the amount of 
antithrombin in the serum is equal to the amount of thrombin 
that has disappeared. The amount of antithrombin capable of 
inactivating 1 thrombin unit is used by Asteup & Daeling 
as 1 antithrombin unit, and the amount of antithrombin units 
in 1 cc. of serum is thus equal to the number of thrombin units 
inactivated by 1 cc. of the serum. 

Reagents. 

1. Thrombin . — ^The thrombin emplo 3 ’^ed for these measure- 
ments was a preparation manufactured by “L 0 A’'ens kemiske 
Fabrik”, Copenhagen, after the method described b 3 ^ Asteup 
& Daeling®' the principle of which is: isoelectric precipita- 
tion of the diluted plasma by addition of acid to pH 5.3, activa- 
tion by means of thromboldnase from ox lung and isolation of 
the resulting thrombin by precipitation with acetone. 

According to Asteup & Haeuieg^®, the potenc 3 '’ of this pre- 
paration is best determined by comparison with a standard 
preparation. 
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The thrombin solution employed was prepared by dissolving 
50 mg. of the above-mentioned dry preparation in 15 cc. 
dilute veronal buffer solution (Thordabson^^s) a pH = 

7.4. A drop of octyl alcohol is added to this solution in order 
to prevent foaming, and after standing at room temperature 
for 1 hour, and filtering, the solution was ready for use. In my 
studies I have employed 3 different thrombin preparations, and 
in maldng up the solutions one of these preparations was found 
to give a solution containing 40 thrombin units per cc., while 
another gave 41 thrombin units, and the third 39.6 thrombin 
units per cc. These standardizations were kindly carried out by 
]\Ir. Tagb Astrup. 

2. Fibrinogen — ^The fibrinogen preparation here employed 
was ammonium sulphate-precipitated fibrinogen prepared from 
oxalated ox plasma according to Astrup & Darling^®. The 
fibrinogen was diluted with the above-mentioned veronal buffer 
solution, and distilled water was added in such an amount that 
the addition of 1 cc. of fibrinogen solution to 0.1 cc. of control 
tlirombin solution at 37° gave a suitable coagulation time (= 
about 8-12 seconds). The addition of distilled water to the 
fibrinogen solution shortened its coagulation time, owing to the 
reduction in the ionic strength, as, according to Astrup®* the 
reactivity of fibrinogen is highly dependent upon the ionic 
strength of the solution. After this dilution the fibrinogen solu- 
tion had to be kept on ice throughout the experiment as other- 
vise it denatures. 

3. Serum . — ^The serum was prepared from oxalated plasma 
by heating in water-bath at 54—56° for 5 minutes, followed by 
centrifuging. 

Details of the Method. 

In a series of test-tubes (8.5 x 1.5 cm.) 1 cc. of the thrombin 
solution was pipetted off into each tube and the serum under 
anatysis Avas added in increasing amounts. The foUoAving amounts 
of serum were used: 0.05, 0.10, 0.15, and 0.20 cc. Then 0.9 per 
cent IsaCl was added to each tube in amounts sufficient to 
make up a total A'olume of 1.3 cc. in everj*" tube. After this the 
mixture was placed in a water-bath at 37° for 15 minutes. 
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After the incubation the tubes were placed in ice-water. In 
order to examine how much thrombin had been activated, the 
activity of the various solutions was then tested against a 
solution of fibrinogen. These measurings were carried out at 
37° in a transparent water-bath, and the coagulation times 
were determined by means of a stop-watch, by recording the 
appearance of the first floccules of fibrin imder gentle shaking 
of the tubes. For each serum concentration 3 determinations 
were made. Comparison of the coagulation times measured in 
this waj’- until the coagulation time for a control solution unth- 
out serum (1 cc. of the thrombin solution -f- 0.3 ec. of 0.9 per 
cent NaCl) afforded a measure for the antithrombin content of 
the serum employed. 

If the clotting time for the control solution is called tg and 
the clotting time observed for one of the serum mixtures is 
called wliile the amount of thrombin per cc. of the solution 
employed is expressed by a, it is evident that, as to corresponds 
to an amoimt of a thrombin units (T.U.), will correspond 


to a-— T.U. Originally the solution contained a T.U. and 
fa— a — ^ T.U. had thus been inactivated, corresponding to the 

^jn ' 

amount of antithrombin w^hich had been present in the amount 
of serum added. So the amount of antithrombin umts (A.T.U.) 
per cc. (= .r) could be calculated from the equation: 



6 being the amount of serum in the solution employed. 

The amount of antithrombin is not determined merely by 
examination of one serum concentration, however, but by 
examination of 4 concentrations as mentioned above. From 
the values obtained in this way a curve was constructed by 
plotting the added amoimts of serum along the axis of ab- 
scissas and the values for ^ as ordinates. Tliis curve gave a 
straight line, from which the corrected value for — could be 
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read for a suitable amount of serum. By substitution of this 
reading and the corresponding amount of serum in the above 
equation the amount of antithrombin per cc. was obtained 
with a high degree of accuracy. 

A numerical example of this is given in Table 1. 

From these values — and the corresponding amoimts of 
serum, a curve was constructed as shovm in Fig. 1. 


TaMe 1. Examples of Values Obtairied by Determination of the 
Antithrombin Content of Serum. 


Incubation 

Coagulation time in Bee. 

to 

ha 

Thrombin 

ml. 

Serum 

ml. 

0.9 per cent 
NaCl ml. 

D 

t2 

- ts 


1,0 

0,00 

0,30 

10 

10 

10 

10 


1,0 

0,20 

0,10 

43 

42 

41 

42 


1,0 

0,15 

0,15 

21 

22 

23 

22 


1,0 

0,10 

0,20 

16 

16 

16,5 

16,2 


1,0 

0,05 

0,25 

12 

12,5 

12,5 

12,3 



The valu'; — for 
t„ 


0.2 cc. of serum was derived from the 


curve as = 0.24. When this value is substituted in the equation, 
and when the strength of the thrombin solution employed is 
41 thrombin units per cc., we have: 


41 

X = — (1-0.24) = 156 antithrombin units (A.T.U.) per cc. 


Accuracy and Sources of Error. 

Apart from a few particular instances, the experimental 
ammals here employed were ordinary commercial rabbits, espe- 
cially albino rabbits, weighing between 2 and 3 kg. 

The antithrombin determinations were carried out on serum 
obtained as follows : With a Record syringe containing 0.3 cc. 
of a 3.5 per cent solution of sodium citrate, 2.7 cc. of blood was 
taken from an ear vein ; and after thorough mixing it was centri- 
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fupd for 10 minutes at a rate of about 3000 revolutions per 
1 ^., whereafter the plasma was pipetted off. This plasma was 
then treated by heating as described by Astrup & Darling^. 



Fig. 1. Curve for determination of the corrected value for — . 

tni 


The measurements were carried out on rabbit serum pre- 
pared as described above, when no other indications are given. 

In some of my experiments, however, it was more servdceable, 
in order to avoid heating to 54-55°, to be able also to determine 
the amount of antithrombin in the plasma. For this purpose I 
employed the same procedure as just described, with the simple 
modification that here citrated plasma was added to the throm- 
bin solution instead of serum. Ovdng to the high dilution of the 
plasma with this technique, the residting clot was easily broken 
on shaldng the tube after the incubation, and the fluid liberated 
in this way was added to the fibrinogen in the usual manner. 
With this procedure, as shown in Table 2, the values obtained 
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for the amounts of antithromhin were quite in agreement with 
those obtained with the employment of serum. 


Table 2. Gom'parison between the Antithrombin Content of Serum 

and Plasma. 


Hobbit No. 

A.T.TJ. per ml. 
serum 

A.T.TI. per ml. 
plasma 

64 

155 

158 

65 

157 

155 

66 

156 

159 

67 

157 

155 

69 

154 

157 

76 

156 

159 

77 

153 

157 

78 

157 

156 

79 

155 

157 


So the results obtained by antithrombin determination on the 
serum and on the plasma are comparable without correction. 

As to this method, the question naturally suggested itself 
whether eventual changes in pH or in the ionic strength might 
have some influence on the results obtained. 

In my first experiments I used 0.9 per cent NaCl as solvent 
for thrombin and fibrinogen. When it turned out that I had to 
work with shock blood the pH of which might deviate from 
the normal and thus perhaps influence the measuring, I soon 
went on to employ a buffer solution; and for the sake of safety 
I subsequently employed this solvent in every instance — not 
merely when dealing with shock blood. As mentioned already, 
I have used a veronal buffer solution with pH = 7.4, which 
stabilized the pH of the thrombin and fibrinogen solution at 
this value, so that possible changes in the pH of the blood 
had no influence on the results obtained. 

The small changes that might occur in the ionic strength 
of the serum or plasma can hardly have played any role due to 
the great dilution with isotonic solutions. The changes resulting 
from the addition of distilled water to the fibrinogen for regu- 
lation of its reactivity have had an equal influence on the controls 
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and on the tubes containing plasma or serum, and thus they 
have had no influence on the result. 

The incubation period of 15 minutes at 37° for the mixture 
of thrombin and serum recommended by Astrup & Darling 
has likewise been employed in my measmiigs. The investiga- 
tions reported by Astrup & Darling^^, however, were carried 
out only on ox serum with a relatively shght antithrombin 
content. So, as my experiments were performed with rabbit 
serum, one could not be certain that this incubation period 
would be preferable also in this case. Furthermore, in several 
experiments I had to work also with sera that contained far 
greater amounts of antithrombin than did the sera employed 
by Astrtip & Darling. 

It was necessary, therefore, to take up the question of the 
length of the incubation period for further investigation, and 
for this I employed the technique given by Astrup & Dar- 
LENGll. 

For each of the sera examined I measured how much throm- 
bin they were able to bind on incubation Avith the thrombin 
solution for a varying length of time. The temperature of aU 
the solutions prior to the incubation was room temperature. 
Immediately after mixing they were placed in a water-bath at 
37°, and after the incubation they were placed in ice-water. 
Then the measurements were carried out as rapidly as possible. 
From the values here obtained a curve was constructed with 
the incubation times plotted along the axis of abscissa and the 
inactivated amounts of thrombin as ordinates (Fig. 2). 

Altogether 4 experiments of this kind were carried out on 
normal rabbit serum, and 11 on sera Avhich, for reasons to be 
mentioned later, contained a maximum of antithrombin. As 
seen in Fig. 2, the sera with a normal antithrombin content as 
well as those with a maximum antithrombin content showed 
that also with rabbit sera the necessary and adequate incuba- 
tion period was 15 minutes. 

In order to obtain a measure for the accuracy of the anti- 
thrombin determinations, 10 independent determinations Avere 
made on one specimen of serum, 5 on another specimen. The 
results are recorded in Table 3. 
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iYom this it will be seen that the largest variations Occurring 
in this way amounted to 7 antithrombin units per cc,, that is, 
an error of less than 6 per cent. 

Besides this experimental error, resulting from the bleeding, 
the pipetting and the determination of the coagulation time, 

Antithrombin 



Fig. 2. Curves showing the amount of thrombin inactivated (expressed in anti- 
thrombin units per cc.) on incubation with rabbit serum for different lengths 
of time. The lower curve shows the inactivation of thrombin on incubation 
with normal scrum, the upper with serum containing a maximum of anti- 
thrombin. 

it was of interest also to learn whether the antithrombin con- 
centration in the individual animal was liable to any particular 
physiological variation in the course of the day or from day 
to day. In order to elucidate this question, a total of 34 anti- 
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Table 3. Determination of the Accuracy of the Measurements. 


Serum from 
rabbit So. 

Antithrombin 

measurement 

Ko. 

Antithrombin 
units per cc. 

12 

1 

157 

12 

2 

159 

12 

3 

156 

12 

4 

155 

12 

5 

157 

12 

6 

154 

12 

7 

153 

12 

8 

157 

12 

9 

156 

12 

10 

156 

9 

1 

152 

9 

2 

150 

9 

3 

154 

9 

4 

152 

9 

5 

150 


Table 4. Physiological Variations in the Antithrombin Content 
of the Blood in Rabbit No. 11 through a Period of about 2 Months. 


Date 

Antithrombin 
units per cc. 

Date 

Antithrombin 
units per cc. 


158 

23/4 

158 


152 

24/4 

354 

27/3 

152 

26/4 

154 

28/3 

164 

28/4 

156 

29/3 

156 

29/4 

156 

30/3 

152 

30/4 

154 

31/3 

154 

1/5 

156 

1/4 

154 

2/5 

154 

2/4 ■ 

164 

3/5 

156 

3/4 

156 

5/5 

155 

4/4 

160 

6/5 

156 

5/4 

162 

7/5 

156 

6/4 

152 

8/5 

156 

7/4 

156 

10/5 

162 

9/4 

152 

12/5 

158 

16/4 

156 

13/5 

155 

19/4 

154 

14/5 

154 
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thrombin determinations were carried out on rabbit No. 11 in 
the course of about 2 months, during which the specimens of 
blood were taken at all hours of the day, sometimes after fast- 
ing for up to 2 days, sometimes shortly after feeding. The 
results are given in Table 4. 

In this experiment the highest value observed was 164, the 
lowest 152, that is, the variation was less than 10 per cent. 

This variation in one animal corresponded very well to the 
variation encountered on determination of the antithrombin 
content of the blood in a number of animals, and I therefore 
found it xmnecessary to repeat the experiment. Thus the anti- 
thrombin content' of the blood in 80 rabbits was found to be 
as recorded in Table 5. 

From this (Table 5) it will be seen that the variations from 
one animal to another were slight. Only in one case (No. 7) 
was the value under 150, and in no instance was it over 160. 
The average of these determinations is 156 antithrombin units 
per cc., which therefore may be regarded as the normal value. 
The amounts of antithrombin recorded in Table 5 are in every 
instance the value obtained in the first determination performed 
on the senun of the animals in question. In practice, however, 
it was found that the value occasionally could be as high as 
164 antithrombin units per cc. (see, for instance, Table 4), and 
the difference between the highest and lowest values here ob- 
tained — ^respectively 146 and 164 — ^is therefore 18 antithrombin 
units per cc., which gives a variation of about ± 6 per cent. 

As in my experiments it often proved necessary to follow 
the antithrombin content of the blood from hour to hour over 
a considerable length of time, and as the complicated method 
of measuring would make it necessary sometimes to let some 
of the blood samples stand till the next day, it was essential 
to investigate the stability of the antithrombin. Examination 
of the antithrombin content of specimens of plasma after 
standing for varying lengths of time in the refrigerator gave 
the results recorded in Table 6. 

From these findings the antithrombin content of the plasma 

the normal as well as the maximal values — ^is seen to remain 
unchanged on standing in the ice-box for a couple of days. 
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Table 5. Antithrombin Content of the Blood in SO Rabbits. 
(The numbers lacldng here do not refer to rabbits). 


Rabbit Ro. 

Antitlirombin 
content of serum 

Rabbit No. 

Antithrombin 
content of serum 

1 

■■ 

45 

158 

2 


46 

159 

3 

158 

47 

159 

4 

157 

48 

157 

5 

160 

49 

158 

6 

154 

50 

157 

7 

146 

51 

159 

8 

156 

52 

158 

9 

152 

53 

155 

10 

154 

54 

156 

11 

158 

55 

153 

12 

156 

56 

155 

15 

152 

57 

157 

17 

154 

58 

154 

18 

156 

59 

155 

19 

155 

60 

157 

20 

155 

62 

153 

21 

155 

63 

156 

22 

156 

64 

158 

23 

157 

65 

156 

24 

155 

66 

159 

25 

157 

67 

158 

26 

155 

68 

157 

27 

156 

69 

156 

29 

160 

70 

157 

30 

157 

71 

154 

31 

158 

'72 

154 

32 

156 

73 

157 

33 

156 

74 

155 

34 

154 

75 

156 

35 

156 

76 

156 

36 

155 

77 

155 

37 

156 

78 

157 

38 

156 

79 

155 

39 

154 

80 

156 

40 

156 

81 

155 

41 

156 

82 

154 

42 

157 

83 

153 

43 

159 

84 

153 

44 

158 

85 

157 
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Table 6. Stability of the Antithrombin Content of the Serum 

in vitro. 


Animal 

No. . 

Condition of animal 

A.T.U. 
in fresh 
plasma 

No. of days in 
ice-box 

A.T.U. in 
old plasma 

1 

Normal 

152 

8 

150 

11 


152 

6 

152 

12 

- 

154 

6 

154 

64 

- 

155 

2 

158 

65 


157 

2 

156 ^ 

54 

Obstructive jaundice 

246 

2 

248 

52 

- 

252 

3 

250 

49 

- 

246 

2 

250 

51 

- 

258 

3 

256 

43 

Anaphylactic shock 

240 

2 

236 

40 

(primary rise) 

236 

11 

242 

41 

- 

236 

2 

246 

42 

- 

240 

2 

242 

61 

- 

222 

4 

218 

64 

Immunization 

260 

2 

252 

65 

- 

254 

2 

262 

66 

- 

250 

2 

256 

67 

- 

256 

2 

256 


and even longer storage (up to 11 days) brought no change in 
this respect. So it is possible to let the plasma samples stand 
even for several days before the antithrombin determination 
is carried out. 

In conclusion it is to be emphasized that all the antithrombin 
determinations were carried out on citrate blood in dilution 
1:10 and recorded for this. In the studies here reported it is 
the relative rather than the absolute values which are of im- 
portance, and hence I have not found it necessary to cairy out 
any correction of these values. 


Recapitulation. 

1. The details of the method described by AsTBtrp & Daeling 
for determination of antithrombin are described, and an 
account is given of the reagents employed. 

2. The necessary and adequate incubation period for the mix- 
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ture of antithrombin and thrombin is determined for normal 
as well as for maximal antithrombin values. 

3. Astbtjp & Darling’s method is shown to be equally service- 
able for plasma and serum. 

4. Employment of large amoimts of buffer solution eliminates 
the significance of possible variations in the pH of the blood 
samples. 

5. The accuracy of the method is established. 

6. The physiological variations, individual and dimnal, of the 
antithrombin content of rabbit serum are investigated. 

7. The stability of the antithrombin in plasma in vitro is 
examined. 



Chapter V. 

VAEIATIONS m THE ANTITHROMBIN CONTENT 
OF THE BLOOD DURING BIMUNIZATION AND IN 
ANAPHYLACTIC SHOCK 

A. Immunization with Proteins. 

Bordet & Gengou^o observed already in 1901 that during 
immunization a thrombin-inhibiting substance might occur in 
the blood. The technique employed by Bordet & Geegod for 
demonstration of the increase in the antithromhin content of 
the blood was as follows ; The serum xmder analysis was heated 
to 58° for some length of time in order to remove the thrombin. 
Then it was added to a coagulation system consisting of avian 
plasma and fresh rabbit serum. Here the avian plasma served 
as fibrinogen solution, the rabbit serum as thrombin prepara- 
tion. By comparison of the coagulation times obtained when 
normal serum and serum from immunized guinea-pigs were 
added to this system, Bordet & Gengod demonstrated that 
the coagulation time with immune serum was much longer 
than that with normal serum. This they assumed must be due 
to the fact that the immune serum contained an inhibitory 
substance directed against the thrombin. On employment of 
unheated immime serum, however, there was no inhibition of 
the coagidation, and Bordet & Gengou took this observation 
to indicate that the inhibitory substance had no influence on 
the animal s ovti thrombin but was directed merely against 
the thrombin present in the semm or recalcified plasma used 
for the immunization. Bordet & Gexgod supposed the inhibi- 
tory substance to be an antibody produced by the injection of 
thrombin, and they further thought they were able to demon- 
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strata that this antibody was species specific and inhibited only 
the thrombin that originated from the same species as the 
serum employed for the immimization. 

The production of such an immune antithrombin has since 
been questioned, first by Rettgeru® (1909), later by Mel- 
LAHBY®® (1933). Both these authors based their criticism chiefly 
on their failure through immunization with subcutaneous injec- 
tion of thrombin to produce any change in the coagulation 
time of the blood. But neither of them carried out any real 
antithrombin determination in this connection. Furthermore, 
as will be pointed out later on, there is no relation between 
the antithrombin content of the blood and its coagulation time. 
So the findings reported by these authors cannot be taken as 
any proof against the observations reported by Bordet & 
Gengoh. 

ISTearly 40 years passed before an attempt was made — by 
Dyckerhope & (1939) — ^to reproduce the immune anti- 

thrombin formation reported by Bordet & Gengou. In fact, 
these authors emploj’^ed the measirring method given by Bor- 
det & Gengod for the antithrombin determination. They also 
heated the serum under anatysis to 58“ for some length of time 
and added it to a coagxilation system containing a fairty uniform 
amoimt of fibrinogen and thrombin. As coagulation systems 
Dyckerhofe & RtTHL employed partly human plasma to which 
calcium was added at the same time, partly diluted magnesium 
sulphate ox plasma to which they added a thrombin prepara- 
tion together Avith the serum. Like Bordet & Gengott, they 
also found it necessary to treat the immune serum by heating, 
in order to demonstrate the increase in coagulation time, but 
they interpreted this finding differently, namely as due to the 
circumstance that the thrombin of the serum was destroyed by 
the heating and its disturbing influence thus excluded. With 
tliis method Dyckerhope & Rdhe were able to demonstrate 
that immunization of rabbits is associated -with the formation 
of an antithrombin in the blood and, further, that this anti- 
thrombin formation was elicited also by immunizations vith 
proteins containing no thrombin (e. g., casein), and that hence 
it could not be a specific immune antibod}' elicited by and 
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directed against this thrombin. Purthermore, these authors 
were able to demonstrate that the antithrombin formed under 
these conditions inhibited thrombin preparations originating 
from various species equally, ruling out any species specificity. 

Bobdet & Gengoh’s method is very inaccurate, however, 
even with the modifications given by Dyckebhoff & Rhhl, 
and allows only of a relatively rough estimation of the changes 
observed. Thus, for instance, Dyckebhoff & Rhhl found the 
increase in the coagulation time produced by immime serum 
in contrast to normal serum to vary from — 1 minute to -f-64: 
minutes when human plasma was employed in the coagulation 
system, and from -j-3 to +30 minutes when bovine magnesium 
sulphate plasma was employed. Moreover, the results obtained 
^vith a serum in one of the coagulation systems would some- 
times correspond but poorly to the results obtained with the 
same serum in the other system. 

Probably this uncertainty is due in part to the circumstance 
that the above-mentioned methods do not include any incuba- 
tion of the thrombin-antithrombin mixture, and with the short 
and variable coagulation times the antithrombin could not 
every time exert its entire activity. This also explains why it 
was impossible to make any determination on serum that had 
not been heated beforehand. For when such an unheated serum 
is employed, its tlirombin content causes the coagulation time 
to be decreased to a few minutes and, as pointed out in Chapter 
IV, only a fraction of the antithrombin wiU have time to exert 
its action within this short period. 

From this it is evident that on the basis of the experimental 
results reported so far, which are conflicting in part, it is dif- 
ficult with certainty to decide which of them are correct. 
Furthermore, in none of them has it been possible even ap- 
proximately to suggest how the demonstrated increases take 
place, when they appear under the immimization, and what 
magnitude they reach. 
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Writer^s Investigations. 

In my experiments on this problem the immunization was 
carried out with the foUo’n'ing protein solutions: 

1.) Bovine Boedet plasma. 

2) 5 per cent solution of egg albumin. 

3) 6 per cent solution of edestin. 

4) 5 per cent solution of casein. 

6) Human citrate plasma. 

These protein solutions were prepared as follows: 

The bovine Boedet plasma was prepared b}’- the removal of 
the prothrombin from bovine oxalate plasma through adsorption 
on tertiary calcium phosphate. The method employed for tliis 
was described by J. Boedet^®, and it has been described in detail 
by Astetjp & Daeling^®. Because this plasma thus had to be 
considered free from prothrombin and therefore could not yield 
thrombin, and also because the Bordet plasma was employed 
for the preparation of fibrinogen and thus was always available, 
the greater part of the immunizing experiments were carried out 
with this plasma. 

For the solution of egg albumin a purified powdered prepar- 
ation (Merck) was used. It was dissolved in slightly alkaline 
0.9 per cent NaCl, left standing for two hours and then centri- 
fuged, whereafter it was filtered through a sterile Seitz filter. 

The edestin and casein solutions were prepared similar^, only 
that the former was made up of a purified edestin preparation 
from the firm )>Franckel & Landau((, the latter of casein 
»Hammarsten<(. The human citrate plasma was prepared by 
centrifuging blood containing volume of 3.5 per cent citrate 
solution. 

The immunization was carried out by 5 intravenous injections 
into the ear veins; each injection dose was 2 cc. The interval 
between the injections was 48 hours between the two first, 
72 hours between the remaining. Altogether 21 immunizing ex- 
periments were carried out with this technique on the rabbits, 
and one experiment on a dog. Of the 21 experiments on rabbits, 
13 were performed with injection of bovine Boedet plasma, 

1 with egg albumin, 1 vdth edestin, 3 Arith casein and 3 with 
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human plasma. The dog (weight 12.3 kg.) was immimized -with 
bovine Boedet plasma (intravenous injections of 2, 3, 4, 4 and 
5 cc.) . In addition, two other rabbits (Nos. 43 and 47) were immun- 
ized with Boedet ox plasma with the same techrdque, but they 
died from protracted shock in connection with the third injection. 

B}^ following the antithrombin content of the blood from day 
to day and by additional measurements in the hours after in- 
jection of the antigens, the antithrombin concentration was found 
to behave as illustrated in Big. 3, in which the days of the im- 
munization period are plotted along the axis of abscissas while 
the antithrombin concentrations are recorded as ordinates, ex- 
pressed in antithrombin units per cc. 

This curve is constructed from the antithrombin determin- 
ations during immunization with bovine Boedet plasma in 
rabbit No. 67. The arrows indicate the antigen injections. As 
win be noticed from the curve, the first two injections produced 


Antithrombin 
units per cc. 



Fig. 3. .Antithrombin concentration of the blood during immunization with 
bovine Bordet plasma. Rabbit No. 67. 

-> = intravenous injection of 2 ec. of bovine Bordet plasma. 
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no change in the antithromhin content. The third injection, on 
the other hand, gave an abrupt and rapid increase, amounting 
to about 20 antithrombin units, which was soon followed bj’^ a 
fall to normal level. 24 and 48 hours after the third injection 
the antithrombin content was still normal, but then it began 
to rise, at first slowly, later rapidly. Before the fourth injection, 
that is, 8 daj’^s after the commencement of the immimization, 
the antithrombin content thus had risen to 178, and before the 
fifth injection — 3 days later — ^it amounted to 213 antithrombin 
units per cc. After the third injection, moreover, each subsequent 
injection produced an abrupt though brief reaction appearing 
on the curve as a peak. After the fifth injection the increase 
continued for a few days, and then stopped. If the injection of 
antigen is now discontinued the antithrombin concentration 
keeps constant at this high level for some days, and then falls 
off slowly, reaching a normal level in 4-5 weeks. 

The course of the process here described has been typical of 
aU the immunizations. Among the unessential variations en- 
countered, it is merely to be mentioned that in a couple of 
cases the general increase in antithrombin content commenced 
24 hours earlier than here described, and that in some cases, 
the increase has proceeded a little more rapidly, so that the 
maximum antithrombin concentration was reached prior to the 
fifth injection, on the 11th day of the experiment. 

The more important antithrombin values obtained in these 
experiments are recorded in Tables 7 and 9. 

The slight antithrombin increases amounting to 10-20 anti- 
thrombin units, which were brought about by the 3’ 4’ and 5’ 
injections lasted only a very short time. As early as 1 hour 
after the injection, the antithrombin content had again fallen 
off to the value it showed before the injection. Some of the 
analyses concerning this particular point are recorded in Table 8. 

As seen in Tables 7 and 9, practically the same maximum 
was obtained in 18 of the 21 cases— apart from some minor 
individual variations, and the increase obtained has thus been 
about 60-70 per cent. 

In 3 of 21 experiments, however, the increase in antithrombin 
concentration amounted onty to about 30 per cent. These 3 
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Table 7. Aniithrombin Content During and After Immunization with Protein SohUions 
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Table 8. Duration of the Small Variatiom in the Antithrombin 
Content Produced by Injection of Antigens. 


Rabbit 

Xo. 

Antithrombin 
content before 
4’ injection 

Antithrombin 
content 20 min. 
after 4’ injection 

Antitlirombin 
content 1 hour 
after 4’ injection 

64 

176 

188 

172 

65 

169 

185 

174 

66 

172 

188 

176 

67 

178 

192 

178 

76 

204 

211 

205 


Table9. Antithrombin Content after the 5’ and 7' Antigen Injection. 


Rabbit 

Xo. 

Antithrombiii 
content before 
immunization 

Antitlirombin 

content 

48 lioura after 
5’ injection 

Antitlirombin 

content 

48 hours after 
7’ injection 

9 

■ 

152 

256 

264 

64 

158 

260 

266 

65 

159 

254 

258 

66 

159 

250 

258 


animals were the ones that were immunized ■ndth casein. So the 
lesser increase here may be due exclusively to peculiarities of this 
substance, as it would be difficult to imagine that among 21 ani- 
mals purchased accidentally I should pick out for my experiment 
with casein just the three only ones incapable of jdelding a great 
rise in antithrombin concentration. 

In the case of the dog the increase in antithrombin was some- 
what smaller than the rise presented by the rabbits. Whether 
this is an accidental observation or whether it liolds true of 
dogs in general, cannot be decided from tliis single experiment, 
of course. 

That the increase in antithrombin content obtained with the 
fifth injection is really the maximum that the rabbits are able 
to produce is e^ddent from the finding that continuation of the 
injections does not give rise to any additional general increase 
but merely small and brief antitlirombin reactions like those 
produced by the 3’, 4’ and 5’ injections. Thus, in one instance 
of immunization with egg albumin, 7 injections vere given, and 
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7 injections were likewise giren to 3 rabbits that were immunized 
with bovine Boedet plasma, and in none of these eases did the 
last two injections bring any change in the maximum anti- 
thrombin concentration obtained with the fifth injection — as 
shown in Table 9. 

In these three eases of immunization "with bovine Boedet 
plasma an attempt was made to continue the immunization 
beyond the 7 injections, but all 3 animals died in connection 
with the 8’ injection. 

In two cases an attempt was made to obtain even a greater 
increase in antithrombin formation by injection of larger doses 
of antigen. Thus rabbits Nos. 3 and 4 were given 6 intravenous 
injections of bovine Bordet plasma wdthin the same period 
as before but with increasing doses, as follows: 2 cc. at the 
first injection, and the subsequent injections were increased 
each time by 2 cc., giving a dose of 10 cc. at the fifth injection. 
In neither animal did this treatment result in a higher anti- 
thrombin concentration than was obtained with the usual dosage 
of 2 cc. per injection. The large doses proved highly toxic to 
the animals, however, as they died respectively 12 and 14 days 
after the commencement of immunization. 

Evidently, then, it is possible with 5 injections of 2 cc. in 
10-12 days to produce a maximal increase in the antithrombin 
concentration of the blood in rabbits. So, whenever it has been 
desirable by immunization to obtain such an increase, the above 
mentioned technique has been employed in every instance. 

In one case (No. 12) an attempt was made a lew months after 
immunization with bovine Bordet plasma to immunize the ani- 
mal w’ith human plasma. Here, too, the same characteristic 
antithrombin reaction was observed as during the first immun- 
ization. 

These experimental results are thus seen to confirm the state- 
ments made by Bordet & Gengou and Dyckerhoef & Buhl 
as to the appearance of an increase in the antithrombin concen- 
tration during immunization. They further confirm the obser- 
vations made by Dvckebhoff & Euhl: that this increase took 
place regardless of w'hether or not the protein solutions employed 
for the immunization contained any thrombin. From my ex- 
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periments this increase appeared also as a response to immun- 
ization with edestin, egg albumin and casein. Finally, my results 
confirm the observation that the antithrombin formed in this 
way is not species specific, as in every instance it has been able 
to inactivate ox thrombin. The increases in antithrombin- ob- 
served in my experiments' have been of a fairty uniform magni- 
tude, however, not varying markedly from one animal to another 
or from one antigen to another, contrary to the findings reported 
by Dyckerhofe and collaborators. 


B. Immunization with Suspensions of 
Corpuscular Antigens. 

Having thus examined the antithrombin content of the blood 
on immunization with protein solutions, I then tried immun- 
ization with bacterial vaccines in order to see whether such 
treatment gives similar results. 

The immunization was carried out on 3 rabbits (Nos. 31, 32 
and 12) with typhoid vaccine from the State Serum Institute. 
This vaccine contamed between 1000 and 2000 million bacteria 
per cc. As in the preceding experiments with immunization, a 
total of 5 injections were given intravenously, the first two at 
an interval of 2 days, the following at an interval of 3 days. 
The dose at the first two injections was 0.25 cc. of vaccine 
(= 250-500 million bacteria) ; at the following three injections 
it was 0.5 cc. (= 500-1000 million bacteria). Prior to the in- 
jection each dose of vaccine was diluted with 0.9 per cent NaCl 
to a volume of 2 cc. 

By following the antithrombin content of the blood in these 
animals, this immunization was foimd to behave differently from 
the preceding immunizing experiments. Here the animals showed 
no general increase in antithrombin concentration, and after 
5 injections the antithrombin content was still normal. On the 
other hand, the last three injections gave an abrupt but brief 
and slight increase in antithrombin content amounting to about 
20 units — ^just as on immunization with protein solutions (see 
Fig. 4). 
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Antithrombin 
wnits per cc. 



Fig. 4. Antithrombin content of the blood during immunization with typhoid 

vaccine. Rabbit No. 12. 

-5- = intravenous injection of the vaccine. 


Besides these three cases, in which I performed the immun- 
ization myself, I have had occasion to examine the blood of 
3 rabbits immunized with pneumococcus vaccine. These 3 animals 
(I^os. 7788, 7789, 7790) were immunized in the Pneumococcal 
Department of the State Serum Institute witb a polyvalent 
pneumococcus vaccine of Types 1, 2, 4 and 5, containing about 
1000-2000 million bacteria per cc, — like the typhoid vaccine. 
Of this vaccine 5 intravenous injections were given at intervals 
of two days, with the same dosage as employed for the typhoid 
\aecine. Dr. F. Kauffmann, chief of the Pneumococcal Depart- 
ment, was kind enough to give me samples of blood frbm each 
of thep animals taken before immunization and 2 days after. 
Examination of these blood samples confirmed my previous re- 
sults as the antithrombin concentration w'as found to be normal 
during the immunization (see Table 10). 

As the injection of these bacterial vaccines introduced but 
't erj sma II amounts of protein into the blood stream of the animals j 





















60 


A2?TITHE03IBIN C055TENT OF THE BLOOD 


(micro-KjELDAHL analysis showed merely a trace of nitrogen 
in the undiluted vaccine) I tried whether the same features might 
be obtained by injection of small doses of a protein solution. 
Thus 2 rabbits were immunized with 5 injections of only 0.05 cc. 
of bovine Bobdet plasma. This treatment gave no reaction in 
the antithrombin content whatever, although the amoimt of 
protein injected here was several times larger than the amount 
injected dming immunization with the vaccine. So the total ah- 
sence of an antithrombin reaction by immunization with the 
vaccine appeared not to be due to the small amoimts of protein 
injected. 

In order to confirm this finding, in my next experiment i 
employed for immunization a suspension of the stroma of washed 
human blood corpuscles. This suspension was prepared in the 
following way: 18 cc. of blood was withdrawn from a median 
cubital vein vuth a Record syringe containing 2 cc. of 3.6 per 
cent citrate solution. This specimen was centrifuged for 10 mi- 
nutes at a rate of 3000 revolutions per minute, and the plasma 
was pipetted off. Then the blood corpuscles were mixed with 10 
volumes of distilled water and left standing for 1 hour. The 
resulting corpuscular stromas (ghosts) were separated by centri- 
fuging for 1 hour (3000 revolutions per min.) and washed by 
alternating suspension and centrifuging (being washed alto- 
gether 6 times — 3 times in distilled water, 3 times in 0,9 per cent 
NaCl). While the stroma suspension in distilled water was very 
difficult to bring down by centrifuging, so that it was neces- 
sary each time to centrifuge for at least 1 hour, the suspension 
in 0.9 per cent NaCl was easier to deal with and required cen- 
trifuging only for about 20 min. After the last centiifuging, the 
washed corpuscular ghosts were suspended in 4-5 cc. of 0.9 per 
cent NaCl, and the number of stromas per cc. was estimated, by 
means of a counting chamber. 

Immunization with these suspensions was carried out on 2 
rabbits (Nos. 33 and 34), as previously, with 5 intravenous 
injections, each of 2 cc. By suitable dilution of the suspension, 
each injection now introduced the same number of corpuscular 
stromas as the number of bacteria given before, hut the amount 
of protein in each injection was here many times greater. 
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This did not change the experimental results, however, the 
antithrombin reaction being identical ndth that which appeared 
during immunization with bacterial vaccine. 

In order to supplement these findings, an attempt was made 
to immumze two rabbits with a suspension of washed yeast 
cells from ordinary bakers’ yeast. A 10 per cent suspension was 
employed for this purpose. Injection of this suspension soon 
proved to be extremely toxic to the rabbits, however, both of 
them dying after two injections. The experiment was then re- 
peated (rabbit No, 68) but with a 6 per cent suspension of yeast 
cells that were killed by boiling for two minutes prior to the 
injections. In this case the animal tolerated the immunization 
weU, showing the characteristic antitbrombin variations. 

The results of these experiments are recorded in Table 10. 

It appears then that the effect of a suspension of corpuscular 
elements on the system in which the antithrombin formation takes 
place differs fundamentally from the effect exerted by the protein 
solutions. 

C. Intravenous Injection of High-molecular Substances 
Without Antigenic Character. 

Considering the curve for antithrombin content during immun- 
ization (Kg. 3), it will be noticed that, apart from its small 
peaks, the curve resembles greatly the curve for antibody form- 
ation, and it seems obvious, therefore, to assume that the anti- 
thrombin formation is associated herewith. 

The different curve obtained dining immimization vdth sus- 
pensions of corpuscular elements appears to contradict this view, 
although the difference might be explained — ^rather artificially, 
however, — as due, to the fact that precipitin formation on 
one hand and lysin and agglutinin formation on the other do 
not proceed entirely through the same mechanism and, therefore, 
need not have the same effect on the antithrombin formation. 

Therefore, in order to throw some additional hght on this 
question, I tried whether it imght be possible to produce an 
increase in the antithrombin content also bj’’ intravenous in- 
jection of high-molecular substances without antigenic character. 
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These experiments were carried out on 6 rabbits, employing the 
following solutions : 

1) 10 per cent gum arabic solution. 

2) 5 per cent starch solution, 

3) 5 per cent gelatine solution. 

The preparations used for these solutions were respectively 
the officinal gum arabic (Danish Pharmacopoeia 1933), soluble 
starch for analysis, and the ordinary commercial gelatine. All 
the solutions were sterilized by boiling for 2x5 minutes at an 
interval of 24 hours. At room temperature all three solutions 
were very viscous, the gelatine even quite sohd, requiring heating 
to 37° before their injection. 

Gum arabic was injected into two of the 5 rabbits, starch 
into two and gelatine into one. Each rabbit received 6 injections 
of 2 cc. and, as in immunization with proteins, the interval be- 
tween the two first injections was 48 hours, between the others 
72 hours. 

In these experiments the antithrombin amount was found to 
increase, and the rise resembled greatly the curve found by 
immunization with proteins. The general appearance of the 
curves was the same as well as the small peaks connected with 
the later injections. On the injection of gum arabic the findings 
were completely identical "with the results from injection of pro- 
teins, whereas the general increase in anti thrombin concentration 
on injection of starch and gelatine at first was somewhat slower, 
and then reached its maximum in about 12—13 days. Similar 
features were observed in some cases on immunization with pro- 
tein solutions, so that these minor differences are probably due 
to accidental individual properties of the rabbits. The results 
obtained in these experiments are recorded in Table 11. 

It is a 'particularly striking fact that, in spite of the absence of 
any aritigenic character in the substances here employed, a primary 
sensitization evidently is required here too, before the appeurance 
of the small peaks. So the two first injections — ^just as dining 
immunization showed no effect on the antithrombin content. 

As a supplement to these experiments, I tried whether it might 

e possible also to produce an antithrombin reaction by the 
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employment of a substance of lower molecular ske. A rabbit 
(No. 23) was given 5 injections of 2 cc. of a 5 per cent Witte pep- 
tone solution. This did not result in any antithrombin formation — 
neither the general rise nor the small brief peaks after the later 
injections. 

Thus the increase in antithrombin content of the blood during 
immunization has nothing to do with the antibody formation, 
but is rather to be interpreted as a reaction in response to the 
injection of high molecular substances. 

D. Anaphylactic Shock. 

As mentioned in Chapter II, it was reahzed even -early that 
anaphylactic shock is associated with certain changes in the 
coagulabihty of the blood, and various investigators thought 
they were able to demonstrate that under these conditions the 
thrombin-binding capacity of the blood was increased. The most 
recent investigations into this question have been published by 
Dyckerhoff, Marx & Sieglee^®, 1940. Like previous inves- 
tigators, these authors thought they were able to demonstrate 
that anaphylactic shock was associated with a rise in the anti- 
thrombin content of the blood. In these investigations Lyckee- 
HOFF and collaborators employed the measuring method de- 
scribed by Dyckerhoff which I have mentioned already. Tor 
this reason Dyckerhoff did not succeed in approaching the prob- 
lem further than accompUshed already by earlier authors, and, 
Hke these, Dyckeehoff had to be content to ascertain that there 
is an increase in antithrombin in shock, while the details in the 
mechanism of this increase are stiU obscme. 

The role played by heparin in this rise in antithrombin wHl 
be discussed in a subsequent chapter. 

Writer’s Investigations. 

In my studies bn this problem the anaphylactic shock was 
produced in 6 rabbits and 1 dog. 

The immunization was carried out as described in the pre- 
ceding chapter on rabbits by means of 5 intravenous injections 
of 2 cc. of the antigen employed. In 3 of the rabbits (Nos. 40, 
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41 and 42) tlie immunization was performed with human plasma, 
in the remaining 3 (Nos. 10, 12 and 67) and in the dog with 
bovine Bordet plasma. 

The shock was produced in the rabbits 4 wrecks after the treat- 
ment by injection into an ear vein of 2 cc. of the antigen solution. 
In the dog the shock-producing injections w^ere given into the 
left femoral vein under ether anaesthesia, the dose wrs 5 cc. ; in 


Antithrombin 
units per cc. 



Fig. 5. Antithrombin content of plasma during and after anaphylactic shock 
produced by sensitization and subsequent reinjection of a protein solution 

(Rabbit No. 67). 


every instance the resulting shock wms shght, with merely a few 
brief convulsions and no loss of consciousness. 

Before and, at short intervals, after the shock, samples of 
blood were taken for antithrombin determination. The values 
obtained in all these experiments w'ere perfeetty concordant. A 
typical example is seen in Fig. 5. 

Immediately after the shock-producing injection the anti- 
thrombin concentration increases abruptly bj’ 60-70 per cent, but 
in the next 2-3 hours this rise is followed by a fall to normal 
level. In the first hour after the shock the fall is rather slight, 
but after this it soon becomes abrupt. After having reached a 
normal value the antithrombin concentration keeps at this level 
for 5—7 hours, and then it begins again to rise slowly, reaching 
a maximum about 30 hours after the shock; this maximum is 
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Table 12. AniitJirombin Content duriTig and after Anaphylactic Shock 
produced by Sensitization and Suhsequent Reinjection of Protein Solu- 
tions. 



Antithrombin content per cc. 
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231 

242 
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the same as was reached in the primary rise immediately after 
the injection. Then the antithrombin concentration keeps con- 
stant at this level for some days, whereafter it falls slowly, 
reaching the normal level in 4-6 weeks. 

If the injection is repeated in the first days after the shock, 
it produces merely a slight and brief increase in antithrombin, 
exactly as observed during the immunization; but here again 
it is impossible to produce any additional general increase. The 
maximum reached in the primary as well as in the secondary 
rise in connection with anaphylactic shock is practically identical 
with the increase obtained "with immunization. A survey of the 
values obtained in these experiments is given in Table 12. 

The duration of the first primary rise in immediate connection 
with the shock-provoking injection varied somewhat from one 
animal to another. In 4 of 5 cases a normal value was reached 
again in 2-3 hours, whereas in one case (No. 12) it took 4 homs. 

As the antithrombin reaction on immunization Avith protein 
solutions and with suspensions of corpuscular elements differed 
essentially, it seemed desirable to find out whether this would 
apply to the anaphylactic shocks also. 

In the rabbits which, as described above, were immunized 
mth tj'phoid vaccine, suspensions of ghosts of red blood cells 
and suspensions of killed yeast cells, a reinjection of the respec- 
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tive antigen solutions was therefore performed 4 weeks after the 
sensitization. 

Rabbits Nos. 33 and 34, which have been immunized with 
suspensions of ghosts of red blood cells were thus given intra- 
venous injections respectively of 4 and 2 cc. of suspension con- 
taining about 1000 million particles per cc. In both rabbits this 
treatment was immediately followed by severe convulsions which 
in No. 33 led rapidly to loss of consciousness, terminating fatally 
in 20 minutes. In the case of No. 34, which received half of the 
dose, the convulsions ceased rather quickly, leaving the animal 
in a very poor condition, unable to stand on its feet ; the rabbit 
died about 2 hours after the injection. 

The blood taken from the jugular vein of No. 33 immediatelj” 
after death showed an antithrombin content of 232 A. T. U. per 
cc. In the other rabbit the antithrombin content was found 
20 minutes after the injection to be 234 A. T. U. j)er cc. and 
2 hours later it was normal. In these two cases, then, even the 
fatal shock did not produce any greater antithrombin reaction 
than the slight ones described previously. 

On account of the fatal outcome of the experiment in these 
two cases, the first of the rabbits that was immimized with 
typhoid vaccine Avas first given a prehminary small dose of the 
vaccine: 1 cc. (= 1000-2000 million bacteria), this did not result 
in any noticeable shock reaction, and the increase in antithrom- 
bin produced by this injection Avas only shght. In the next two 
animals, therefore, this dose Avas doubled. The animals had slight 
conAuilsions, and in both of them the antithrombin concentration 
Avas increased by about 60-70 per cent. This rise was soon fol- 
loAved by a fall, Avhich Avas not followed by any secondary rise, the 
antithrombin content keeping at a normal level during the foll- 
OAAung days. In the rabbit preAuously immunized AAdth suspensions 
of killed yeast cells (No. 68), the shock -provoking injection AA^as a 
dose of 2 cc. of a 5 percent solution. In this case too, the antithrom- 
bin reaction behaved exactly as recorded for the vaccine injections. 

From this it is seen that the antithrombin content here be- 
haved precisely as during the immunization Avith the suspen- 
sions, where the later sensitizing injections produced a brief rise 
in antithrombin as a reaction against the injection of the antigen, 
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but the general increase in antithrombin content failed to appear. 
The results obtained in these experiments are recorded in Table 13. 

Table 13. Antithrombin Content during and after Anaphylactic 
Shock produced by Sensitization and Subsequent Meinjection with 
Suspensions of Gorpttscular Antigens, 


Babbit 

Ko. 

Antithrombio 
content 
before shock 

Antithrombin 

content 

20 min. after 
shock 

Antitbroriibln 

content 

24 hours -after 
shock 

33 

159 

232 


34 

160 

234 


31 

157 

242 

156 

32 

159 

176 

156 

12 

157 

248 

157 

68 

154 

240 

153 


As pointed out before in this chapter, intravenous injection 
of substances without antigenic character gave exactly the same 
antithrombin reactions as those produced by injection of protein 
solutions. It thus seemed possible that reinjection of these sub- 
stances, in spite of their inability to produce shock, would also 
give variations in the antithrombin content of the blood — 
possibly the same variations as were typical of the anaphylactic 
shock, resulting from reinjection of protein solutions. 

Therefore, 4 of the rabbits that had received 5 injections of 
gum arabic, starch or gelatine respectively were 4 weeks later 
given an intravenous reinjection of 2 cc. of the respective solu- 
tions. In spite of the absence of any symptoms of shock, aU 
these animals showed exactly the same antitirrombin reaction 
as encountered in anaphylactic shock, presenting the secondary 
increase as well as the primary. The results obtained in this 
experiment are recorded in Table 14. 

Two animals sensitized rvith bovine Bordet plasma (rabbits 
Kos. 83 and 84) and one sensitized with starch (rabbit No. 60) 
were about 4 weeks later given an intravenous injection of 2 cc. 
of a solution of high-molecular substances other than those with 
which the sensitization had been carried out; No. 60 received 
an injection of 2 cc. of bovine Bordet plasma; Nos. 83 and 84 
were given 2 cc, of a 5 per cent starch solution. This treatment pro- 
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Table 14. Antithrombin Content on Reinjection of High-molecular 
Substances without Antigenic Character. The Injections are made 
4 WeeTcs after the Sensitization. 


Rabbit 

Xo. 

Sensitized -with 

Antithrombin 
content 
before inj. 

Antithrombin 

content 

20 min. niter 
injection 

Antithrombin 

content 

5 hours after 
injection 

Antithrombin 

content 

24 hours after 
injection 

31 

Gelatine 

164 

246 

168 

238 

32 

Starch 

162 

234 

158 

226 

60 

— 

152 

234 

155 

224 

47 

Gum arabic 

167 

230 

165 

234 


duced no change in the antithrombin content of their blood. The 
antithrombin reaction in anaphylactic shock and on reinjection of 
starch, gelatine and gum arabic is thus a specific reaction that can 
be produced only by the very substance with which the sensitization 
was carried out. This holds true even when this substance pos- 
sesses no antigenic character according to the usual conceptions. 

This fact, I think, should urge the cHnician to be cautious in 
his employment of unspecific high-molecular substances for intra- 
venous injection, as these experiments show that the organism 
reacts on their injection, notwithstanding their lack of antigenic 
character. 

According to the findings here reported, the antithrombin 
reaction is hardly to be looked upon as a part of the shock 
itself but rather as a concomitant reaction produced by injection 
of the high-molecular substances. Still, as mentioned aheady, 
it is a very peculiar thing that the sensitization appears to pla^^ 
such a great role also for substances that are not true antigens. 

Becapiiulation. 

1. On immunization of 21 rabbits and one dog with intravenous 
injection of protein solutions, the antithrombin content of 
the blood is found to increase. This rise is extraordinarily 
uniform in the various animals and in response to the various 
antigens, and it is independent of the presence of thrombin 
in the protein solutions employed. This increase reaches its 
maximum in 10-12 days. In nearly aU the cases this mam- 
mal increase amounts to 60-70 per cent of the imtial anti- 
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thrombin concentration; only in 3 rabbits, which were all 
immunized with a casein solution, and in the dog is the rise 
somewhat smaller. On discontinuance of the immunization 
when the maximum is reached, the antithi-ombin content 
falls slowly to a normal level in the course of 4-6 weeks. 

2. Immunization with suspensions of corpuscular antigens pro- 
duces no general increase in antithrombin content, but only 
small and brief antithrombin reactions in response to the 
later injections, evidently due to sensitization. 

3. Intravenous injection of high-molecular substances without 
antigenic properties — gum arabic, starch and gelatine — 
gives exactly the same antithrombin reaction as produced 
by the protein solutions. 

4. Examination of the antithrombin concentration during and 
after anaphylactic shock produced with protein solutions 
shows first an abrupt primary rise in antithrombin content. 
This increase is only of brief dxuation, and after an interval 
of a few hours in which the antithrombin content lies at a 
normal level, there appears a new and slow increase which 
reaches a maximum about 30 hours after the shock. The 
primary rise as well as the secondary amount to about 60— 
70 per cent of the initial value. 

5. In anaphylactic shock produced by suspensions of corpus- 
cular antigens only the primary rise is produced. 

6. Reinjection of high-molecular substances without antigenic 
properties — gum arabic, starch and gelatine — gives exactly 
the same increases in antithrombin content as observed in 
anaphylactic shock produced by protein solution. 



Chapter VI. 

ANTITHROMBIN CONTENT 
OF THE BLOOD IN OBSTRUCTHHE JAUNDICE AND 
EXPERBIENTAL INJURY TO THE LWEB, 

A. Obstructive Jaundice, 

The observation that jaundice is often associated Avith hsemor- 
rhagic diathesis is of no new date, but until recentl}’^ very 
little has been known about the cause of this. In discussions 
about the relation of these phenomena, however, it was as- 
serted early by a few authors that under such conditions the 
blood contained an increased amoimt of thrombin-inhibitory 
substances and that these caused the decrease in the coagula- 
bility of the blood. Thus, for instance, Whipple^®’' (1913) 
thought he had been able in various cases of jaundice to de- 
monstrate the presence of such substances in the blood. This 
was confirmed a few years later by JInsroT & (1916) 

who, in a single case of human obstructive jaundice, likewise 
found an increased amount of antithrombin in the blood. Also 
Haetmann®® (1927) thought he was able in patients with liver 
lesions to demonstrate an increase in the thrombin-inhibitory 
substances of the blood. Neither Whippee nor Habtmaptn made 
any distinction . between the various forms of jaundice, and 
looked upon the injury to the liver as the cause of the rise in 
antithrombin concentration. 

Baeeik^®> also subscribed to this view, and foimd it sup- 
ported in experimental studies on rabbits in which he produced 
acute obstructive jaundice by ligation of the common bile duct. 
The animals were bled 5 days after the operation, and the 
blood was analyzed. As a measure for the antitlrrombm con- 
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ceixtration, Bablik used the increase in coagulation time pro- 
duced by addition of the pathological plasma to a mixture of 
normal plasma and fresh serum, Naturally this method for anti- 
thrombin determination was a very rough estimation, and hence 
the experimental results obtained by Baklik had to be highly 
variable as is also evident from his . records. Notwithstanding 
this inaccuracy, Baeuk still thought he was able to demonstrate 
that the antithrombin content of the blood in the animals was 
increased considerably after the operation. 

All Baelik’s analyses were carried out on blood taken only 

5 days after the operation, and he reported no measuring of 
the antithrombin concentration before or after this time. 

The discovery of vitamin K by I)am^° and the resulting 
studies on the lack of prothrombin under various pathological 
conditions diverted for a while the attention from the inhibitory 
substances. 

In 1940 the problems were again taken up by Dyckbbhofe 

6 Mabx^®, whose studies were carried out on rabbits after 
ligation of the common bile duct. The measuring method em- 
ployed in these studies was the same as the one used pre- 
viously by Dyckeehoff; it has been described already in detail 
in Chapter V. 

In these experimental studies Dyckebhoff & Mabx suc- 
ceeded in demonstrating that obstructive jaundice is associated 
with a rise in the antithrombin content of the blood. Also in 
these studies, however, the inaccuracy of the measuring method 
has asserted itself, maldng the results highly variable. It was 
impossible, therefore, from their results to see whether there 
was any connection between the duration of the jaundice pro- 
duced and the rise in antithrombin concentration. In one case, 
for instance, the authors found a rise in antithrombin content 
as early as two days after the ligation of the common bile duct 
as manifest in a prolongation of the coagulation time amounting 
to 10 minutes, while in another case this result appeared only 
after 17 days. According to these findings, the time for the 
appearance of the rise in antithrombin concentration as well as 
the degree of this rise must be subject to extraordinary individual 
variations, but their experimental records convey no definite 
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impression of these conditions, as regular repeated determina- 
tions after the operation appear not to have been performed. 
DyCKERHOEE & Mabx had the impression themselves that the 
rise in antithrombin took place soon after the onset of jaundice 
—as was evident from their experiments in producing an in- 
crease in antithromhin by intravenous injection of bile, since 
here they measured the antithromhin content of the blood a 
few minutes after the injection. 

Whipple, Hartmann, Barlik and Dyckebhoee & JVIarx 
ascribe to these inhibitory substances a considerable role in 
the appearance of haemorrhagic diathesis in hver lesions. 

As is evident from the above, the problems concerning the 
occurrence of a rise in antithrombin concentration are still far 
from settled, and thus require additional study. 


Writer^s Investigations. 

In my studies the experimental obstructive jaundice was 
produced in rabbits by ligation of the common bile duct under 
ether anaesthesia by means of a double silk ligature about 1 
cm. from the duodenum. The operation was performed with a 
vertical incision through the skin and subcutis from the right 
costal margin, for about 5-6 cm. distally, a little medially to 
the papillary line. After division of the fascia, blunt dissection 
through the musculature, following the direction of the fibres, 
then the peritoneum was opened. The duodenum Avas now found 
in the depth of the upper angle of the wound, and ligation of 
the common bile duct was easy; care had to be taken, of course, 
not to injure the hepatic arterj’’, which at this very place turns 
behind and under the common bile duct. After ligation, the 
abdominal wall was closed in layers. 

On an average, the rabbits stood the operation well and the 
majority of them survived the operation for 2-4 weeks. 

This ligation of the common bile duct was performed on a 
total of 8 rabbits. The antithrombin concentration was deter- 
mined on all the rabbits before the operation and at intervals 
of 2 days after the operation till the animals died. 

In this way, the antithrombin content was found to keep 
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constant for 4-5 days after the operation, although their blood 
showed a strong icterus as early as 24 hours after the opera- 
tion. After the 4’-5’ day the antithromhin content commenced 
to rise, at first slowly, hut gradually with increasing rapidity, 
reaching a maximum in 12-14 daj^s after the operation. Then 
it kept constant at this level imtil the death of the animal, no 
matter whether the animal lived 2—3 weeks longer. 

The antithromhin reaction was practicahy the same in aU 
the animals, corresponding to the course outlined above. A 
typical instance is shown in Tig. 6. 

A survey of all the experiments is given in Table 15. 

As shown in Table 15, the maximum antithromhin concentra- 
tion obtained was subject to some individual variation, but 
stiU surprisingly imiform, showing in every instance an increase 
of 60-70 per cent. The course of the rise as well as the maxi- 
mum obtained bore a striking resemblance to the findings on im- 
munization. In a subsequent chapter these problems will be 
dealt with more thoroughly, and the possible cause of the anti- 
thrombin reaction wiU be discussed. 

Besides these experiments I have had occasion to examine 
the antithromhin reaction in an additional case that will be 
mentioned summarily because of the special conditions con- 
nected with it. 

This was a rabbit with experimental obstructive jaundice 
from ligation of the common bile duct. The operation on this 
animal w'as performed b}’- Dr. Gade in the Pathological Institute 
of the Municipal Hospital, Copenhagen. Dr. Gade was kind 
enough after the operation to let me take some samples of 
blood for antithromhin determination. 

As in my own case, the operation w'as followed by a rise in 
antithromhin content, but only till the 12’ day when it had 
reached the value of 216 antithromhin units per cc. The later 
determinations show’ed steadily decreasing values till the normal 
level W'as reached. At the same time, the icterus of the animal 
subsided as was plainly manifest in the plasma colour. Tor 
this reason, and because the animal seemed to be perfectly 
well, it was killed about 6 weeks after the operation. On autopsy 
no trace of the ligature could be found, and the passage through 
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the common bile duct was perfectly free. Somehow the ligature 
must have become undone and displaced. This instance shows, 
then, that the rise in antithrombin resulting from occlusion of 

Antithromhin 
units per cc. 



Fig. 6. Antithrombin concentration of the blood in experimental obstructive 

jaundice. 

= ligation of the common bile duct. 

the bile duct may subside completely when the passage of the 
duct is again free. 

In all ray experiments the antithrombin reaction was found 
not to commence till several days after the operation, and 
even then it progressed but slowly in the following days. 

According to Barlik’s investigations, however, there was a 
distinct increase in antithrombin already 5 days after occlusion 
of the common bile duct; and in some of their experiments 
Dyckerhoff & ]\Iarx found a marked rise in antithrombin 
even as early as 1-2 days after the operation. In view of the 
findings presented here, the observations reported by these 
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authors have to be considered erroneous, presumably because 
of the poor measuring methods available to them. 

Nor have my experiments been able to confirm the wide 
individual variations found by Dyckekhoee & Maex in their 
animals as to the time of the appearance of the rise in anti- 
thrombin as well as the magnitude of this rise, for iu all my 
animals I found the rise to proceed after the same rules and 
the maxima obtained to be practically alike. 


B. Experimental Injury to the Liver. 

As mentioned before, Whipple, Haktmann and Baelik con- 
sidered the injmry to the liver to be the cause of the increase 
in antithrombin concentration appearing in obstructive jaundice. 
Thus, Haetmaetn thought the rise in antithrombin was brought 
about by the circumstance that the liver, which normally should 
continually give off small amounts of antithrombin to the blood 
stream, was tmable to retain the antithrombin when it became 
damaged, and that the blood thus was flooded with antithrom- 
bin from the liver. According to Baelik, too, the antithrombin 
content of the blood is regulated by the liver, and the rise in 
antithrombin in obstructive jaundice is due to injury to the 
liver cells, making them incapable of this function. 

This conception of the conditions was based entirely on 
speculative considerations. 

Also Dyckeehoee & SIaex seem to have attached consider- 
able importance to the injury done to the liver parenchyma, 
but without attempting to explain the mechanism of this 
process. 

On the other hand, several authors have reported a number 
of observations that seemed to go against this view. As early 
as 1912, for instance, Whepple^^s found no increase in anti- 
thrombin concentration in a severe case of cirrhosis of the 
liver; nor was he able to produce such an increase by chloro- 
form poisoning in dogs. 

Also Denny & Minot^^ (1915) and jMcnot®® (1916) tried to 
produce injury to the liver in dogs by means of phosphorus 
and chloroform, and they succeeded in demonstranting a fall 
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in antithrombin imder these conditions. However, exanaination 
of the blood from patients with severe parenchymatous lesions 
of the liver revealed no change in the antithrombin concentra- 
tion, Denny & Minot tried to explain this discrepancy as 
owdng to the circumstance that the injury to the liver would 
have to be extraordinarily severe in order to give a fall in 
antithrombin, as it would require only a relatively small part 
of the hver to maintain this function of the blood. 

This argument seems rather inadequate, however, as it would 
hold true also when the damage to the hver was produced by 
obstructive jaundice. 

SraTH, Warner & Brinkhotjs^^® (1937) were unable by 
damaging the hver in dogs with chloroform to demonstrate 
an}”^ change worth mentioning in the antithrombin content of 
the blood. Obviously, then, the quantitative aspects of the anti- 
thrombin content of the blood in injury to the hver remain 
unsettled, and opinions on this question differ. 

In order to investigate this question, like Denny & Mxnot, 
I have carried out some experiments vdth injury to the hver 
in rabbits, for which I used carbon tetrachloride and chloro- 
form. 


Writer’s Investigations. 

The poisoning vith chloroform was carried out on 6 rabbits. 
One of them was given a subcutaneous injection of 5 cc. of 
pure chloroform, wliich resulted in the death of the animal 
Avithin 24 hours. Two rabbits received 3 subcutaneous injec- 
tions of 1 cc, of pure chloroform at intervals of 3 days. Also 
this dose appeared to be too large, as one rabbit died six days 
after the last injection; the other sur^dved the poisoning. The 
remaining three rabbits were given 2 subcutaneous injections of 
1 cc, of the same chloroform preparation, 3 days apart. Of these 
3 animals 2 sur\*ived the poisoning. 

Poisoning with carbon tetrachloride was carried out on 1 
rabbit with one injection of 10 cc. subcutaneously. 

Soon after the administration of these poisons, all the rab- 
bits showed pronounced general symptoms vith weakness and 
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loss of appetite. As mentioned, 3 of the animals died, whereas 
the remaining 4 recuperated rapidly after some days of illness. 
Besides the general symptoms, the animals presented super- 
ficial areas of necrosis at the sites of the injections, and in the 
rabbit which was given 10 cc. of carbon tetrachloride (sub- 
cutaneously in the right thigh) the entire extremity became 
paratyzed permanently. 

On following the antithrombin content of the blood from 
day to day, lilie Denny & MnsroT, I also found a fall in the 
antithrombin concentration. In chloroform poisoning the anti- 
thrombin values were found to be somewhat lower as earty as 
24 hours after the first injection, and the faU continued during 
the next two days. Then 1 cc. of chloroform was again given 
subcutaneously, and this produced an additional fall in anti- 
thrombin, though somewhat smaller than the first, and this 
effect ceased in about 48 homs. The third injection caused 
again a decrease in antithrombin but only relatively shght and 
brief as after the second injection. 

When the injections were discontinued and the fall produced 
by the last injection had ceased, the antithrombin concentra- 
tion commenced again to rise rapidly and reached the normal 
level in about 4 days. The rise did not stop here, however, but 
continued to some higher level, and then it began to faU off 
slowly, reaching the normal level once more after some time. 
In several cases this secondary rise was rather considerable. 

In aU the rabbits the antithrombin reactions were identical, 
a typical instance is presented in jFig. 7. 

The rabbit given a subcutaneous injection of 10 cc. of carbon 
tetrachloride showed changes in anti thrombin content Yhicli 
greatly resembled the ones described above, onty that the fall 
here was smaUer and more protracted; and in this animal too, 
there was a secondary rise above the normal level. 

The results of these experiments are recorded in Table 16. 

SEcroscopic examination of the liver in the rabbits that died 
pfter the injection showed that the poisoning was associate 
with serious degenerative changes in the liver cells throughout 
the whole organ. On comparison of such a specimen with t le 
liver from a rabbit, 18 days after ligation of the common bi e 
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Table 16. AniitJirombin Content in Experimental Injury to the 

Liver. 


Animal 

iso. 

Antithr. 

content 

before 

intoxi- 

cation 

Intoxication 
produced by 

Antithrombin content 

1-2 

days 

after 

last 

inj. 

4 

days 

after 

last 

inj. 

6 

days 

after 

last 

inj. 

14 

days 

after 

last 

inj. 

21 

daj's 

after 

last 

inj. 

19 


3 inj. of 1 cc. of chloroform 

116 

147 

194 



77 

mm 


119 

158 

187 

202 

190 

22 

156 

2 inj. of 1 cc. of chloroform 

121 





78 

157 


130 

157 

191 

206 

210 

79 

155 


113 

142 

188 

200 

198 

18 

156 

1 inj. of 10 cc. of carbon 








tetrachloride 

154 

148 

140 

141 

167 


duct, extensive injury to the liver tissue is seen in both in- 
stances (Figs. 8 and 9). 

As the injury to the hver in chloroform poisoning thus gives 


Antithrombin 
units per cc. 



nromDin conlcnl oi the blood in chloroform poi 
subcutaneous injection of 1 cc. of chloroform. 
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a fall in the antithrombin content of the blood while injury 
to the liver in obstructive jaundice gives a rise in antithrombin, 
it does not seem very likely that the increase in antithrombin 
in obstructive jaundice should be due to liver injtuj’^, and the 
cause is rather to be looked for elsewhere, as Avill be pointed 
out later on. 

While thus the rise in antithrombin does not appear to be 
brought about by injury to the hver, there is no more reason 
for assuming that the fall in antithrombin in poisoning should 
be due to this injury. Even though poisoning with chloroform 
and carbon tetrachloride on microscopic examination manifests 
itself most distinctly in the severe damage to the parench 3 'ma 
of the liver, it has to be kept in mind that these poisons have 
a universal toxic effect. As far as that goes, then, the cause of 
the fall in antithrombin concentration under these conditions 
maj'^ just as well be due to injury’’ of some organ other than the 
liver. As will be pointed out later on, particularly damage to 
the retieulo -endothelial system is here to be taken into con- 
sideration. 


RecapiUilation. 

A. 1. A review is given of the results arrived at in previous 
investigations on the antithrombin content of the blood 
in obstructive jaundice. 

2. In the "writer’s investigations, experimental obstructive 
jaundice in rabbits is shown to be followed bj’^ a rise in 
antithrombin; details concerning this finding are dis- 
cussed. 

3. It is pointed out that the antitluombin reactions in ob- 
structive jaundice are very similar to those found on 
immunization. 

4. In one case the rise is found to stop and the antithrom- 
bin concentration is seen to fall off again. On autopsj’’ 
this phenomenon was found to be due to the fact that 
the ligatiue had shpped off so that the free passage of 
the bile was reestablished. 

J3. 1. A review is given of previous work deahng with the anti- 
thrombin content in hver injury. 


6 
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2. In the -writer’s experiments, the liver is injured by injec- 
tion of chloroform and carbon tetrachloride. In all the 
experiments this treatment gives a fail in the antithrom- 
bin content. 

3. When the injections are discontinued, the antithrombin 
content is again increased rapidly, not only to a normal 
level but even considerably higher. 

4. It is pointed out that as injury to the liver in experi- 
mental obstructive jaundice is associated with a rise in 
antithrombin concentration and in poisoning with a fall, 
there can hardly be any relation between the functional 
capacity of the liver and the antithrombin content of 
the blood. 



Chapter VII. 

VARIATIONS IN THE ANTITHROMBIN 
CONTENT OF THE BLOOD ON INTRA\TENOUS 
INJECTION OF INDIA INK 

As it had proved possible by intravenous injection of solu- 
tions of high-molecular substances without antigenic character 
to obtain the same antithrombin reactions as by immunization 
with protein solutions, the idea suggested itself to try whether 
injection of unspecific corpuscular substances might also give 
the reaction specific for immunization with suspensions. 

For this purpose I have investigated the effect of intravenous 
injection of India ink, employing the commercial »Gunther & 
Wagners PeUkan Perltusch«. 

The employment of this product ensured a constant uni- 
formity of the injected preparation vdth regard to the size of 
the particles and the number of particles per cc. — qualities that 
would be difficult to duplicate if I were to prepare the India 
ink myself by grinding. On the other hand, the commercial 
preparation contains various by-products added for stabiliza- 
tion of the suspension, and thus it was possible that these 
substances might interfere with the biological processes here 
concerned. On comparison between the effect of Gunther & 
Wagner’s India ink and that of a suspension prepared by 
grinding India ink in 0.9 per cent NaCl no difference could be 
demonstrated, (see Table 27), and the advantage of worldng 
vith a uniform preparation seemed therefore to counterbalance 
the drawbacks mentioned. 

On intravenous injection of India ink, however, the effect 
turned out to be quite different from what was expected. 

Thus injection of 0.1 cc. of India ink per kg. was followed 

fi* 
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in normal rabbits by a sharp fall in the antithrombin con- 
centration of the blood amounting to about 20 per cent. This fall 
was only of brief duration, however, and after 1 hour the anti- 
thrombin content was again normal. On repetition of the injec- 


Antithrombin 
units per cc. 



Fig. 10. Antithrombin concentration of the blood on repeated intravenous 
injection of 0.1 cc. of India ink per kg. 

tion, for instance, next day, a similar brief faU appeared in 
the antithrombin content. On further continuation of these 
India ink injections, however, the fall in antithrombin content 
was found to decrease, and after the 5 ’ injection there was no 
fall whatever. After 5 such injections, given at intervals of 
24 hours, the antithrombin content was still normal. An ex- 
ample of these findings is shown in Fig. 10. 

In the case presented in Fig. 10 the India ink injections were 
given at intervals of 24 hours, and prior to injection the dose 
of India ink, 0.1 cc. per kg. was diluted with 0.9 per cent 
bTaCl to make 2 cc. The results obtained in 6 experiments of 
this kind are recorded in Table 17. 

The duration of the fall in antithrombin after the individual 
India ink injections was not more than 1 hour — as is seen from 
Table 18. 



CHAPTER Vn 


85 


Table 17\ Antithrombin Content on Repeated Intravenous Injec- 
tions of Small Amounts of India Ink. 


Rabbit 

Ko. 

Antithrombin content 

Before 
1’ inj. 

After 

I’inj. 

Before 
2’ inj. 

After 
2' inj . 

Before 
3’ inj. 

After 
3’ inj. 

Before 
4’ inj. 

After 

4’ inj. 

Before 
5' inj. 

After 

5’ inj. 

21 

155 

120 

155 

116 

164 

140 

157 

148 

157 

157 

39 

155 

121 

156 

128 

156 

129 

157 

145 

161 

162 

55 

153 

117 

152 

123 

150 

125 

155 

133 

158 

160 

69 

156 

123 

156 

125 

159 

139 

154 

142 

156 

156 

70 

157 

126 

156 

123 

156 

135 

156 

139 

159 

157 

80 

156 

124 

158 

126 

154 

132 

155 

144 

161 

159 


Table 18. Duration of the Fall in Antithrombin Content on 
Injection of Small Doses of India Ink. 


Rabbit 

No. 

Antithrombin content 

Before 

V inj. 

20 min. 
after V inj. 

1 hour 
after 1’ inj. 

Before 

2’ inj. 

20 rain 
after 2’ inj. 

1 hour 
after 2’ inj. 

69 

156 

123 

155 

156 

125 

156 

70 

157 

126 

156 

156 

123 

157 

80 

156 

124 

155 

158 

126 

157 


Intravenous injection of larger amounts of India ink — ^for 
instance, 0.5 cc. per kg. — ^resulted in a sharp fall in the anti- 
thrombin content amounting to about 20 per cent, just- as after 
injection of a small dose. But, while the effect of the small 
injection was only brief, the effect of the large injection was 
protracted, so that the antithrombin concentration of the blood 
now stayed at the low level for several weeks. 

Repeated injection of 0.5 cc. of India ink per kg. or larger 
single doses — even so large (about 2 cc. per kg.) that they 
caused the death of the animal from intravascxdar coagulation 
— ^had apparently no greater effect than one injection of 0.5 cc. 
per kg. A survey of the findings in these experiments is given 
in Table 19. 

As a curiosity it may be mentioned that as long as 20 minutes 
after injection of merely 0.5 cc. of India ink per kg. the plasma 
was often quite black from the India ink. 
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Table 19. Aniiihrombin Content on Intravenous Injection of 
Large Amounts of India Ink. 


Rabbit 

Jfo. 

Amount ol India ink Injected 

Antithrombin content 

Before After 4 weeks 

inj. inj. after inj. 

9 

1 inj. of 0.5 cc. per kg. 

157 

117 

116 

63 

- 

154 

121 


26 

2 injs. of 0.5 cc. per kg. 
at intervals of 24 hours 

155 

112 


24 

3 injs. of 0.5 cc. per kg, 
at intervals of 24 hours 

155 

117 

123 

58 

- 

154 

124 


59 

4 injs. of 0,5 cc. per kg. 
at intervals of 24 hours 

155 

122 


73 

1 inj. of 1 cc. per kg. 

157 

129 


18 

1 inj. of 2 cc. per kg. 

158 

124 
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Fig. 11. Fall in the aniiihrombin content of the blood on injection of 0.1 cc. 
and 0.5 cc. of India ink per kg. when the aniiihrombin concentration before- 
hand is maximal on account of immunization. 

= injection of 2 'cc. of edestin solution, intravenously. 

= injection of 0.1 cc. of India ink per kg^ 

>■ r= injection of 0,5 cc. of India ink per kg. 
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As injection of India ink thus had a marked effect on the 
normal antithromhin concentration of the blood, it would be 
interesting to see what the effect might be when the anti- 
thrombin concentration had been brought up to a maximal 
level, for instance, by immunization. 

Rabbits in which this was the case were therefore given 
intravenous injections of India ink, first in a dosage of 0.1 cc. 
per kg. intravenously, just as in the experiments with normal 
rabbits. This injection resulted in a sharp fall, amounting to 
about 30-40 antithrombin units, that is, a considerably larger 
faU than seen in the normal rabbits, where it was only about 
25 antithrombm units. In the cotuse of 1 hour the antithrombin 
concentration rose again to the initial level. An example of 
these findings is given in Kg. 11. 

The results obtained in 6 cases of this kind are given in 
Table 20. 

Table 20. Effect of Intravenom Injection of 0.1 cc. of India Ink 
per kg. in Rabbits with a Maximal AntitJir.ombin Content of the 

Blood. 


Rabbit No. 

AntiUirombia 
content before 
inj. 

Antitlirombin 
content 20 min. 
after inj. 

Antithrombin 
content 1 hour 
after Inj. 

Antithrorabin 

content 24 honrs 

after inj. 

20 

256 

217 


260 

81 

246 

198 

246 

248 

82 

248 

212 

238 

250 

83 

242 

196 

238 

244 

84 

246 

178 

244 

246 


On the other hand, when large amounts of India ink were 
injected — ^for instance, 0.5 cc per kg. — the result was an abrupt 
fall in the antithrombin concentration down to a normal level, 
and this was not followed subsequently by any rise, but the 
antithrombin content kept constantly at this level. In one case 
(rabbit No. 20) the abrupt faU did not quite reach the normal 
level, but only 170; stUl, during the following daj's the faU 
continued slowly to a normal level. Repeated injections or 
larger doses had no additional effect on the antithrombin con- 
tent beyond that here described, as in every instance the anti- 
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thrombin, concentration fell off only to a normal level and 
could not be reduced further. 

When these experiments were repeated on ardmals in which 
the antithrombin content of the blood was maximal from the 
primary rise in anaphylactic shock or from obstructive jaimdice, 
the result was exactly the same. Here, also injection of large 
doses of India ink produced a sharp and lasting fall to normal 
level. The results of these experiments are recorded in Table 21, 


Table 21. Antithrombin Content on Intravenous Injection of 
Large Amounts of India Ink. 


RabWt 

No. 

AnUtbiombSn 
maximnm due to 

Amount of IndJa ink • 
Injected 

Antlthrombin content 

Before 

inj. 

After 

inj. 

5 days 
alter 
inj. 

21 

Immunization 

1 inj. of 0.5 cc. per kg. 

246 

172 

156 

48 

- 

- 

234 

154 

156 

35 


1 inj. of 1 cc. per kg., 
and 5 days later 1 inj. 
of 0.5 cc. per kg. 

200 

156 

, 159, 

36 

- 

- 

205 

156 

156 

37 

- 

- 

202 

154 

157 

49 

Obstructive jaundice 

1 inj. of 0.5 cc. per kg. 

250 

156 


50 

- 

- 

248 

153 


51 

- 

1 inj. of 1 cc. per kg. 

254 

164 


40 

Anaphylactic shock 

1 inj. of 0.5 cc, per kg. 

235 

155 

156 

41 

- 

- 

236 

157 


42 

- 

1 inj. of 1 cc. per kg. 

240 

166 

157 


Besides the immediate direct effect of the India ink injec- 
tion on the antithrombin content, it seemed to be of interest 
also to learn whether such injections might give other distur- 
bances. 

For this purpose I tried if it might be possible with India 
ink to block the antithrombin formation under conditions which 
otherwise gave rise to an increase in antithrombin. 

By administration of the India ink in several small injec- 
tions, as demonstrated above, it is possible to inject fairly large 
amounts of India ink intravenously apparently without any 
lasting change in the antithrombin content. 
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When now — after the animal had been given 5 injections of 
0,1 cc. of India ink per kg. — an attempt was made to produce 
a rise in the antithrombin content by immunization in the 
usual manner, this proved no longer to be practicable. Im- 
munization produced now neither the general rise in anti- 
thrombin content nor the small characteristic brief reactions 
in response to the later injections. After the immunization the 
antithrombin concentration was stiU normal. Thus the India 
ink had completely blocked the antithrombin formation over 
the normal value. 

The fact that this is possible proves that the increase in 
antithrombin during immunization has nothing to do with the 
antibody formation. For, even though opinions are stiU diver- 
gent as to the effect of India ink injection on the antibody 
formation, at any rate it is known mth certainty that this 
treatment at the most may delay the antibody formation, but 
will never quite prevent it (cf. Krbyberg’®, IloBERTS^^^ Canon, 
Baer, Shlltvan & Webster^s, Jeun, RosenbIxATt & Brin'^^). 

When India ink blockade was apphed in the same manner 
immediately before or just after ligation of the common bile 
duct it likewise prevented any antithrombin reaction, and the 
antithrombin concentration kept constantly at a normal level 
up to the death of the animal. 

When the blockade was applied to rabbits which 4 weeks 
previously had been sensitized in the usual manner with pro- 
tein solutions, and an attempt then was made to produce ana- 
phylactic shock by reinjection of the antigen, the result was 
likewise a complete absence of any antithrombin reaction, as 
there was neither a primary rise nor a secondary. Also in these 
cases the India ink injections completely blocked the anti- 
thrombin formation. 

The results of these experiments are recorded in Tables 22, 
23 and 24. 

When 4 weeks after such a blockade an attempt was made 
to produce a rise in the antithrombin content by performing 
immunization or obstructive jaundice, the result was now an 
increase in antithrombin; but this was considerably less than 
seen in the normal rabbits. Thus rabbit hTo. 23 showed on 
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Table 22. Effect of India Ink Blockade on the Bise in Anti- 
thrombin Content during Immunization,. 



Blockade syith 

5 injs. of 0.1 cc. 
of India ink 
per kg. 


Immunization 
with 5 injs, of 

2 cc. in 11 days 
with 

Antithrombin content 

Rabbit 

No. 

Antithrombin 
content after 
injs. of India ink 

Before 

immu- 

nization 

After 

immu- 

nization 

H 

21 

- 

157 

5 percent ede- 
stin solution 

155 

157 

156 

23 

- 

158 

Bovine Bor- 
det plasma 

156 

156 

155 

29 

- 

160 

■ 

160 

158 

156 

69 

- 

156 


158 

160 

158 

70 

- 

157 

- 

156 . 

159 

158 


Table 23. Effect of India Ink Blockade on the Bise in Anti- 
thrombin Content in Experimental Obstructive Jaundice. 



Table 24. Effect of India Ink Blockade on the Bise in Anti- 
thrombin Concentration during and after Anaphylaciic Shock. 


RabWl 

No. 


Sensitized 

witli 


Daily Inj. of India 
Ink 0.1 cc. per kg. 
for 5 days before 
sliock 


Bovine Bohdet 
plasma 


Antitlirombln content 


Shock-provoking 

injection 

Before 

shock 

120 min. 

1 after 
inj. 

t 24 hrs. 

! after 
i ' inj. 

2 cc. bovine 

158. 

156 

155 

Bordet plasma 

155 

157 

151 

- 

161 

157 

153 

- 

161 

161 

159 
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immunization a rise from 156 antithrombin units per ec. to 
185; and in experimental obstructive jamidice in rabbit No. 
29 the antitbrombin concentration rose in 3 weeks from 166 
to 195 antitbrombin rmits. So the effect of the blockade was 
now subsiding. 

In view of the relatively brief effectivity of the blockade it 
seems rather striking that experimental obstructive jaimdice 
after the India ink blockade was not followed even by a slight 
rise in antitbrombin, although several of the animals smvived 
the operation for up to 4 weeks. According to the above-men- 
tioned experiments, the blockade should not be effective to- 
wards the end of the lifetime of these animals. The failure of 
these animals to show any antithrombin reaction is. probably 
due to the circumstance that 3-4 weeks after the operation 
they were extremely emaciated and in poor condition. 

As a supplement to these studies on rabbits, I tried in the 
case of one cat to see how the antithrombin concentration in 
this animal would behave in response to an intravenotis injec- 
tion of 0.5 cc. of India ink per kg. 

The injection was given rmder ether anaesthesia into the left 
femoral vein. The antithrombin formation was measured before 
the injection and several times after. 

In immediate response to the injection there was an abrupt 
rise in the antitbrombin content, amoxmting to about 30 anti- 
thrombin units per cc., but this increase was soon followed 
by a fall, the antitbrombin concentration returning to a normal 
level in four hours. Instead of stopping at the initial level, 
however, the fall continued for a couple of hours, till it reached 
a value about 20 per cent below the normal level. After this, 
the antithrombin content kept constant at this low level 
throughout the observation period, which was 24 hours. These 
features are presented graphically in Fig. 12. 

So, apart from a brief, relatively slight rise in antithrombin 
in response to the India ink injections, the final result in the 
cat was the same as observed in the rabbits, namely: a pro- 
tracted decrease of about 20 per cent in the antitbrombin 
content. 

According to investigations reported by Kxeik & Levisok”', 
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Tubgxt 124 ^ and by Dcdgeon & CJoadby®®, injection of India 
ink produces a number of widely different changes in the blood 
as, for instance: hypoproteinsBmia, hypocholesterinsemia, throm- 
bopenia, changes in pH, and increase in blood sugar. 

Antithrombin 
units per cc. 



Fig. 12. Antithrombin content of the blood in a cat after injection of 0.5 cc, 
of India ink per kg. at ■}• . 

Before I commenced to look among these possibilities for an 
explanation of the effect of India ink upon the antithrombin 
concentration, it was natural, therefore, first to see whether it 
might be possible to produce a corresponding phenomenon in 
vitro and eventually approach an explanation in this way. 

As, according to Jancso’^, the addition of India ink to 
plasma results in flocculation of the fibrinogen round the 
granules of India ink, and as this, according to the same author, 
takes place also in vivo, it seemed conceivable that the effect 
of India ink on the antithrombin content might merely be due 
to the circumstance that the antithrombin was adsorbed and 
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removed during flocculation. To settle this question, the first 
step was therefore to add India ink to plasma in vitro. The 
amount of India ink added was 1 drop per cc. of plasma, and 
the mixture was incubated for 15 minutes at 37°. 

As observed by Jancso, the result was a marked flocculation 
of fibrinogen round the India ink granules, so that the plasma 
after centrifuging was almost perfectly clear. In spite of this, 
there was no change in the antithrombin content of the plasma. 
So the India ink effect was not due to a simple adsorption of 
antithrombin to the flocculated fibrinogen. 

But, when the same amoxmt of India ink was added to 
citrated blood before the corpuscles were separated from the 
plasma by centrifuging, and the mixture was otherwise treated 
as described above, the result was a large fall in antithrombin 
content. The findings in this experiment are recorded in 
Table 25. 


Table 25. Effect of Addition of India Ink to Plasma and 

Citrated Blood. 


Rabbit No. 

Initial antithrombin 
content 

Addition of India ink to 

Antithrombin con- 
tent after addition 
of India ink 

40 

234 

plasma 

234 

49 

254 

- 

254 

51 

248 

- 

242 

54 

246 

- 

246 

31 

170 

citrated blood 

145 

32 

163 

- 

135 

67 

254 

- 

164 

83 

242 

- 

161 

84 

244 


158 


That India ink had no effect on citrated plasma, whereas it 
decreased the antithrombin content of citrated blood seemed 
to suggest that it was the influence of India ink upon the 
blood cells that produced the fall in antithrombin content. In 
order to settle this question conclusively the following experi- 
ment was performed: 

4 cc. of citrated blood was taken from each of 4 rabbits. 







94; AKTITHE03IEI5 CONTENT OF THE BLOOD 

The corpuscles were separated by centrifuging, washed 5 times 
by repeated suspension in 0.9 per cent NaCl followed hy centri- 
fuging. After the last centrifuging the corpuscles were again 
suspended in sufficient 0.9 per cent NaCl to make a total 
volume of 4 cc. To each of these suspensions 2 drops of India 
ink were added, and then the mixtures were incubated at ZT 
for 15 minutes. After this, the corpuscles v/ere again separated 
bv centrifuging, washed 3 times, and were now added to their 
respective plasma. After incubation of these “specimens at 
ZT" for 15 minutes, the corpuscles w'ere again removed by 
centrifuging, and the antithrombin content of the plasma was 
determined as u.sual. All four specimens showed that after the 
blood corpuscles had been in contact with the India mk they 
lowered the antithrombin content of the plasma. The findings 
in this experiment are recorded in Table 26. 

Table 26. Effect of India Ink-ireaied Blood Corjmscles on the 
Antithromhin Content of CHraled Blaem/i. 


Babbit 

No, 

Initial antUhrornbln 
content ot plasma 

1 Antlthrombln content 
{ after addition ot Ind/a 

1 InX'treated corpnscles 

12 


160 

129 

fiS 


162 

133 

67 

i 

i 

258 

155 

82 

1 

t 

236 

152 


In addition, a control test (rabbit No. 83) w'as made in ex- 
actly the same manner, but without India ink treatment of 
the corpuscles. This, too, showed a fall in antithrombin content 
of the plasma (from 246 to 234). This fall, I think, is due to 
the dilution of the plasma by the small amount of water pre- 
sent between the corpuscles after their washing, in spite of 
the centrifuging. But, as the figures show, this fall was very 
slight. 

From these results it is plainly evident that the India ink 
effect on the antithrombin content of the plasma is due to the 
influence of the India ink upon the corpuscles. 

In order to ascertain whether this effect of India ink might 
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possibly be due to the by-products present in the commercial 
product, I then made an India ink preparation by grinding 
sohd India ink in 0.9 per cent NaCl. This preparation was 
added to citrated blood, and after incubation and removal of 
the corpuscles by centrifuging the antithrombin content of the 
plasma was measured. This India ink preparation was found 
to lower the antithrombin content to the same extent as did 
Gunther & Wagner’s India ink. So the by-products had no 
measurable influence in this respect. 

The results in this experiment are recorded in Table 27. 


Table 27. Comparison of the Effect on the Antithrojnbin Content 
obtained with Giinther c& Wagner's India Ink and with a Hand- 
ground India Ink Suspension. 


Rabliifc 

Ko. 

Antithrombin 
content of 
untreated 
plasma 

Antithrombin 

after treatment 

with hand- 
ground India ink 

Antithrombin 
after treatment 
with 

G. (fcW.'s India 
ink 

81 

182 

156 

158 

82 

192 

155 

156 

83 

242 

163 

161 

84 

244 

154 

158 


How the exposure of the blood corpuscles to India inlv maj*^ 
result in the faU in the antithrombin content of the plasma 
will be discussed later on. 

These findings explain in part the faU in the antithrombin 
content of the blood observed after injection of India ink. The 
questions stiU remain, however, why the effect of a smaU dose 
is only of brief duration, why repeated injections of smaU doses 
graduaUy lose their effect, and why injection of a large dose 
of India ink in normal rabbits produces merely a faU of 25-30 
antithrombin units per cc. while the same injection in animals 
with a maximal antithrombin concentration of the blood gives 
a fall of about 100 antithrombin units per cc. 

Regarding the first of these questions, the temporar}" faU in 
antithrombin produced by the smaU India ink injections ma}" 
indicate that the antithrombin is only temporarilj* affected by 







96 


AKTITHEOSIBIN CONTENT OF THE BLOOD 


or combined with the blood corpuscles and is soon liberated 
again; or it indicates that the faEin antithrombin content result- 
ing from this treatment immediately is compensated by an in- 
creased antithrombin Jjroduction. 

Assuming the first of these possibilities, the decreasing effect 
from repeated small injections will probably be due to the circum- 
stance that the blood corpuscles gradually get "accustomed” 
to the India ink and become resistant against its effect, so that 
they no longer combine with the antithrombin even in .the pre- 
sence of India ink. If the cause is to be found in the other 
possibility, however, the explanation of the phenomenon is 
rather to be searched for in the circumstance that the blood 
corpuscles gradually are affected maximally, becoming unable 
to combine with or act upon additional amounts of antithrombin 
even when the injection of India ink is continued. But this 
maximal influence must be effectuated before the antithrombin 


formation is blocked completely by the India inlr, as otherwise 
the final result would have been that the antithrombin level of 
the blood after repeated injections of small doses of India ink 
would be lower than normally — something which the experi- 
ments show is not the case. As 6 injections of 0.1 cc. of India 
ink per kg. gave a complete blockade of the antithrombin for- 
mation, while the 4th. injection stili gave a fall in antithrombin 
of about 10 per cent, the maximal effect of the India ink treat- 
ment upon the blood corpuscles should appear simultaneously 
with the complete blockade of the antithrombin formation. Even 
though this be possible, I think it seems improbable, and I am 
inclined therefore to attribute the effect of the India ink in- 
jections to a temporary combination of the antithrombin with 
the blood corpuscles. 


Also a third possibility might seem conceivable, namely that 
the antithrombin through the repeated injections of India ink 
is undergoing such changes that it no longer is susceptible to the 
influence of the blood corpuscles. This is not the case, however, 
as is evident from the following experiments. 

For 5 days 4 rabbits were given a daily injection of 0.1 cc. 
of India ink, and 24 hours' after the last injection a suitable 
amount of citratcd blood was withdrawn. The plasma of this 
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blood was then mixed with a corresponding amount of blood 
corpuscles of normal animals (ISTos. 84 and 67), and one drop 
of India ink per cc. was added to this mixture. After incubation 
for 15 minutes at 37°, followed by centrifuging, the antithrombin 
content of the 4 specimens of plasma was measured, and on 
comparison with the same plasma without addition of blood 
corpuscles and India ink, the antithrombin content was foimd 
to have decreased even rather considerably through the process 
mentioned. The findings are given in Table 28. 


Table 28. Antithrombin Content of Plasma obtained after Five 
Injections of 0.1 cc. of India Ink 'per kg., and then treated by 
Addition of Normal Blood Corpuscles + India Ink. 


Rabbit 

No. 

Initial 

antithrorabin 

content 

Antithrombin 
content after 

6 fnj's. of 0.1 cc. 
of India ink 
per kg. 

Antithrombin 
content after 
addition of cor- 
puscles -f India 
ink 

75 

160 

157 

133 

80 

156 

156 

132 

82 

155 

151 

113 

83 

156 

153 

119 


When this experiment Avas reversed, and the blood corpuscles 
from rabbits Nos. 75, 80, 82 and 83 were added to fresh plasma, 
foUoAved by the addition of India ink to these mixtiires, there 
was no fall in the antithrombin content of the plasma. This 
indicates that the absence of India ink effect from repeated 
small injections of this substance is due to changes in the blood 
corpuscles. This experiment was carried out AAuth plasma from 
rabbits Nos. 84 and 67. The antithrombin content of these 
plasmas was respectively 244 and 153. After the addition of 
India ink and blood corpuscles from rabbits Nos. 75, 80, 82 and 
83 taken immediately after the 5 India ink injections of 0.1 cc. 
per kg. the antithrombin content of the two plasmas was found 
to be 246 and 248 in the case of No. 84, and 151 and 155 in the 
case of No. 67. 

In analogy to the explanation of the effect of the small India 
ink injections, the effect of the large doses may be explained so, 
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that the influence of the India ink upon the corpuscles now is 
sufficiently large to make their combination with the anti- 
thrombin permanent. At the same time, however, a dose of 
India ink of 0.5 cc. per kg, or more gives complete blockade of 
the antithrombin formation, so that the protracted effect may 
conceivably be ascribable to this blockade too. 

The last question as to why large doses of India ink in normal 
animals give a considerably smaller fall in the antithrombin con- 
centration of the blood than observed in animals with a maximal 
antithrombin concentration will be dealt with in the next chapter. 

As several authors have attributed the thrombin-inactivating 
property of the blood to enzymatic inhibition by means of the 
plasma proteins, and as the injection of India ink is claimed to 
exert its influence just on the protein content of the blood, I 
examined in 3 cases whether an injection of 0.6 cc. of India ink 
per kg., which gives a maximal fall in antithrombin, would have 
any particular effect on the plasma proteins. The total nitrogen 
content of the plasma was taken as a measure of its protein 
content; it was determined by means of the micro-KjELDAHL 
procedure. 

In all three cases the injection of 0.5 cc. of India ink per kg. 
was found not to diminish the protein content. So the fall in 
antithrombin content resulting from injection of India ink is. 
independent of any hypoproteinsemia that may arise from the 
India ink injection. 

The findings in this experiment are given in Table 29*). 

Table 29. ISitrogen Content of Cilrated- Plasma before and after 
Injection of India Ink. 


Rabbit 

No. 

X content of normal 
citrate plasma 

X content of plasma 
•after inj. of India ink 



7,82 mg. per cc. 

/I 

t./D mg. per cc. 

72 

9.10 - - - 

9.62 - - - 

73 

7.74 - . - 

8.50 - - - 


*> That the injections of India ink give a little rise of the nitrogen 
content, must be due to a concentration of the blood resulting from shock 
produced by the injections. 
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JRecapitulation. 

1. Intravenous injection of a small dose of India ink produces 
a brief fall in the antitbrombin concentration of the blood 
amounting to about 20 per cent. 

2. On repeated injection of small doses of India ink this effect 
on the antithrombin content ceases gradually,' 

3. Injection of a large dose of India ink produces a lasting fall 
in the antithrombih content amounting to about 20 per cent, 
and even repeated injections or maximal doses of India ink 
have no additional effect in this respect. 

4. Injection of a large dose of India ink in animals with a 
maximal antitbrombin content of the blood produces a 
sharp fall to normal level. This holds true irrespective of 
the method by wliich the antithrombin content has been 
brought up to a maximum. 

5. 5 injections of 0.1 cc. of India ink are sufficient for complete 
blockade of the antithrombin formation during immuni- 
zation, anaphylactic shock and obstructive jaundice. 

6. Injection of large doses of India inlc in a cat shows a brief 
primary rise in antithrombin, but the final result is the 
same as observed in the rabbits — a protracted decrease 
amounting to about 20 per cent. 

7. This effect of India ink is demonstrated to be^ue to its in- 
fluence upon the blood corpuscles. 

8. The India ink effect is discussed. 

9. Intravenous injection of 0.5 cc. of India ink per kg. is 
demonstrated not to produce any decrease in the protein 
content of the plasma. 


7 * 



Chapter VIII. 

THE AHTITHROmiN CONTENT ON LOSS 
OF BLOOD 

It was found hy earlier authors that the antithrombin content 
of the blood may be decreased not only by injection of India 
ink but also by bleeding. This phenomenon was first observed by 
Deinkee & Deikkee®’ (1917) who submitted rabbits and cats 
to withdrawal of large amounts of blood, while the antithrombin 
content of the blood was examined at the same time after 
Howele’s method. In this way they thought they were able to 
demonstrate that the loss of blood was associated with a fall 
in antithrombin content, and this fall appeared to be consider- 
ably larger than would be expected for the dilution of the blood 
following the “haemorrhage” — ^the more so as this dilution resul- 
ted chiefly from an increased afflux of lymph, which according to 
Ho WELL contained just as much antithrombin as the blood. 
The authors therefore assumed this fall in antithrombin to be 
produced as an active protective measure on the part of the 
organism possibly aimed to bring about the shortened coagul- 
ation time of the blood resulting from the bleeding. 

As I have not been able to find in the literatinre any other 
report concerning this question, I found it appropriate to take 
it up for further study. 

Writer's Investigations. 

In my experiments 4 rabbits and 2 cats were bled. In one 
case (rabbit ISo. 4) the blood was "withdrawn from one of the 
large veins of the neck by means of a Record syringe, in the 
other cases from the carotid artery through a glass cannula. 

The operation was performed under ether anaesthesia. The 
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first 3 cc. of the outflowing blood were used for measuring the 
antithrombin content prior to the loss of blood. 

Owing to the fall in blood pressure produced by the bleeding, 
it became difficult to follow in the rabbits the antithrombin 
content through samples of blood taken from the ear veins. In 
these animals, as well as in the eats,, therefore, the samples of 
blood required after the bleeding were taken from the arterial 
stump by means of a Record syringe equipped with a hypo- 
dermic needle. In order to exclude the possibility that the blood 
in the closed arterial stump should not be mixed properly with 
the rest of the blood and thus give an untrue picture of the 
antithrombin content, in several instances control determin- 
ations were made on blood withdrawn from one of the large 
veins of the neck. In every instance the values obtained in this 
w^ay agreed with the determinations on the arterial blood. So 
the pulsating movement of the blood in the arterial stump must 
have been sufficient to mix it thoroughly wdth the rest of the 
blood. 

In the animals in which the blood was taken from the artery, 
the amount of blood withdrawn would be about 30 per cent of 
the total (this being reckoned as equal to about 5.5 per cent 
of the weight of the animal). In the case of the rabbit which 
was bled from the vein and which constituted the first orien- 
tating experiment, the amount of blood withdrawn was some- 
what smaller. 

By measuring the antithrombin content of the blood at short 
intervals after the bleeding, I foimd it to be falling off rapidly, 
reaching a TniniTmim 10-15 minutes after the bleeding, then it 
kept constant for some length of time, whereafter it began 
slowly to rise again. A normal level was reached about 48 hours 
after the bleeding. 

In every instance this fall in antithrombin content was only 
what could be expected from the dilution of the blood. In order 
to establish more precisely the fall in antithrombin content in 
relation to the dilution of the blood, in 4 cases the nitrogen 
content was determined on the plasma simultaneously wdth the 
determination of the antithrombin content, and in every’^ in- 
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stance the variations in the nitrogen content were found to be 
of the same magnitude as the fall in the antithronabin content. 

The nitrogen determinations were carried out by means of 
the miero-KjELDAHL procedure. 

In one case the hEemoglobin content of the blood was exam- 
ined simultaneously with the antithrombin determinations, and 
the fall in bsemoglobin percentage was found to be practically 
identical with the fall in antithrombin content. The bsemoglobin 
percentage was determined on each sample of blood by means 
of 4 independent measurings with Sahlt’s apparatus. 

A survey of the findings in this experiment is given in Table 30. 

My findings are thus seen not to confirm the observations 
reported by Dkiekeb & Deinkeb — ^that the faU in antithrom- 
bin after bleeding should be larger than would be expected when 
the dilution of the blood is taken into consideration. So the 
amormt of fluid poured out into the blood stream to compensate 


Table 30. Antithrombin Content on Loss of Blood. 


Animal 

Ko. 

Weight 
in kg. 

Amount 

Antithrombin content 

Mg. K 
per cc. 
before 
bleeding 

Mg. X 
per cc. 
after 
bleeding 

Fall 
in X 
in per 
cent 

Antithrombin 

content 

of blood 
with- 
drawn 
in cc. 

Before 

bleeding 

After 

bleeding 

Pall in 
per 
cent 

24 

hoars 

after 

bleed- 

ing 

1 

Rabbit 1 

2.8 

45 

156 

126 

19.2 

8.49 

6.07 

28.6 


154 

Rabbit 2 

2,6 

40 

164 

124 

24.4 

8.85 

6.62 

25.2 

134 

164 

Rabbit 4 

2.85 

35 

157 

139 

11.5 

' 



131 

163 

Rabbits 

2.7 

45 

160 

110 

31.2 





152 

Cat 13 

2.5 

.60 

142 

94 

33.8 

9.36 

7.36 

21.0 

102 


Cat 14 

2.0 

45 

134 

108 

19.4 

9.17 


16.8 

122 



the loss of blood can probably contain only a relatively small 
amount of antithrombin. 

It looks then as if the fall in the antithrombin content on 
bleeding maj’’ be explained as due exclusively to the dilution 
of the blood and not, as assumed by Drutkee & Dbixker, to 
the interference of specific measures on the part of the organism 
against further loss of blood. 
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jRecajntvlation. 

1. According to observations reported by Drinker & Drinker, 
the fall in antithrombin content associated with a large loss 
of blood should be considerably larger than was to be ex- 
pected in view of the dilution of the blood occurring after 
hsemorrhage. My findings in 6 animals show, however, that 
this is not the case. In every instance the fall in antithrom- 
bin content has been in accordance with the fall in the total 
nitrogen content of the plasma and in the hsemoglobin per- 
centage of the blood, so that it may be ascribed exclusively 
to the dilution of the blood. 



Chapter IX. 

STUDIES ON THE IDENTITY OF AHTITHKOMBIN 

As it was possible by injection of India ink and by bleeding 
to produce a fall in the antithrombin content, and as the India 
ink injections besides low'ering the antithrombin content cause 
also blockade of its formation, the idea suggested itself, by a 
combination of India ink injections and bleeding to try com- 
pletely to remove the antithrombin from the blood. 

With this aim 5 rabbits were given an injection of 0.5 cc. of 
India ink per kg., which, as demonstrated previously, gave a 
lasting fall in the antithrombin content of about 20 per cent 
and a complete blockade of the antithrombin formation. 24-48 
hours later, a large amount of blood was withdrawn from one 
of the common carotids. As was to be expected, this caused an 
additional faU in the antithrombin content. It was found, how- 
ever, that just as in normal animals, this last fall in antithrom- 
bin content was followed by a rise, and in 48 hours the antithrom- 
bin content reached again the level it attained after the injection 
of India ink. The rise stopped at this level, however, and then 
the antithrombin content kept constant for a considerable length 
of time. 

So the injections of India ink cannot block the rise in anti- 
thrombin content under these conditions. 

The results obtained in these experiments are seen in Kg. 13 
and Table 31. 

On recapitulation of the various experimental results the follow- 
ing features may be remarked; 

1) Immumzation, anaphylactic shock and obstructive jaun- 
dice produce a rise in the antithrombin content of the blood, 
and this rise is in every instance of the same magnitude. The 
rise may be prevented completely by intravenous injection of 
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India mk. If the rise in antithrombin <!ontent due to one of the 
causes mentioned has taken place already, addition of India 
ink to the blood produces in vivo as well as in vitro a sharp 


Anlithromhin 
imits per cc. 



Pis* 13. Antithrombin content of the blood on intravenous injection of 0.5 cc. 


of India ink per kg. followed by bleeding. 

= intravenous injection of 0.5 cc. of India ink per kg. 

= bleeding. 


Table 31. Antithrombin Content on Intravenous Injection of India 
Ink and Subsequent Bleeding. 


Habbit 

2fo, 

AntlOirombln content 

Before 

ini. 

After 

inj. 

20 min. 

after 

bleeding 

24 hours 
after 
bleeding 

48 hours 
after 
bleeding 

4 days 
after 
bleeding 

11 days 
after 
bleeding 

9 

157 

117 

97 

101 

112 

117 


24 

155 

117 

98 

97 

127 

131 

123 

71 

154 

130 

93 

95 

132 

135 

132 

72 

154 

134 

99 

102 

134 

131 

131 

73 

157 

129 

97 

104 

133 

130 

129 
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fall in the antithrombin content down to a normal level. This 
is due to the influence of India ink upon the blood corpuscles. 
So the antithrombin formed on immunization, in anaphylactic 
shock and in obstructive jaundice behaves perfectly alike, so 
that it has to be regarded as the same substance, 

2) Addition of India ink to normal blood in vivo as well as 
in vitro produces likewise a fall in antithrombin content, but 
this amounts onlj’’ to about 20 per cent of the initial content. 
Tiiis fall is likewise due to the influence of India ink upon the 
blood corpuscles. When the injected dose of India ink is small, 
the reaction is only of brief duration. With a large dose, how- 
ever, the reaction is protracted, probably due in part to a 
blockade of the antithrombin formation by the India ink. As 
addition of India ink to blood with a maximal antithrombin 
content produces a fall of 100 antithrombin units per cc. of 
plasma, while the same amount of India ink added to normal 
blood produces merely a fall of about 25 antithrombin units 
per cc. of plasma, it is obvious that the slight fall in the latter 
instance cannot be due to an incapacity of the India ink r}- blood 
corpuscles for combination with more antithrombin, and that 
the cause must be due to the circumstance that only 20 per cent 
of the normal antithrombin can be removed in this way. 

Furthermore, wken by injection of India ink the antithrombin 
content of the blood is lowered about 20 per cent and the animal 
is then bled, the India ink cannot prevent the resulting ad- 
ditional fall from being compensated by a rise in antithrombin 
content. 

These findings appear to show that about 20 per cent of the 
normal antithrombin behaves as the antithrombin formed during 
immunization, in anaphylactic shock and in obstructive jaim- 
dice while the remaining 80 per cent differ ftmdamentaUy here- 
from, as it is impossible by means of India ink to block its 
formation or to remove it. 

Probabh', therefore, the blood antithrombin consists of two 
components ; 

1) One component, wliich normally amounts to about 80 per 
cent of the total blood antithrombin. It appears to be rather 
constant -and takes only a slight part, if any, in the rise 
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, produced during immunization, anaphylactic shock and ob- 
structive jaundice. This component is not affected by in- 
jection of India inlc. On dilution of the blood by bleeding, 
its concentration is decreased too; but this fall is compen- 
sated rapidly by a rise, regardless of any attempt at blockade. 
2) Another component which normally makes up only 20 per 
cent of the total. Under various pathological conditions it 
can be increased to many times its initial value. This com- 
ponent can be removed completely from the blood by intra- 
venous injection of India ink and, in vitro, by addition of 
India ink to the blood. Furthermore, it is possible in every 
instance by means of India ink to block its above-mentioned 
increase. 

Regarding the first of these components, which makes up the 
major part of the normal antithrombin content of the blood, it 
possibly — or even 'probably — is not a real substance but only identi- 
cal with the unspecific {or specific) enzyme inhibition due to the 
plasma proteins. The argumentation for the probabihty of the 
plasma proteins playing a part in the antithrombic activity of 
the blood has been reviewed already in Chapter III and will 
not be repeated here. But I want to call attention to the fact 
that the previous inaccurate measuring methods have not made 
it possible to demonstrate whether the fractionated blood pro- 
teins which have been shown to be of antithrombic character 
exert the entire antithrombic activity of the blood or merely 
80 per cent of it. 

As this component seems rather constant, moreover, under 
normal as well as pathological conditions, the objection to the 
proteins as the cause of the antithrombic activity of the blood 
is invahdated. This objection was based on the peculiar fact 
that the antithrombin content of the blood may vary greatly, 
whereas the concentration of the plasma albumins keeps con- 
stant. In this coimection it is appropriate to recall the obser- 
vation that injection of 0.5 cc. of India ink per kg., which gives 
a maximal fall in the antithrombin content; did not produce a 
fall of the protein content of the blood. 

We have seen, however, that when the antithrombin content 
is maximal, on account of one of the aforementioned conditions, 
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the injection of India ink gives a fall in antithrombin only to 
a normal level, and not below this. This finding appears to indi- 
cate that also this component takes some minor part in the rise 
in antithrombin under discussion*). 

As to the other component, which normally makes up 20 
per cent of the antithrombin content, the explanation is less 
obvious. Here I have considered in particular the question 
whether it might be heparin or, more correctly, heparin -f co- 
factor. Below I shall review the findings that seem to confirm 
this view. 

As mentioned in Chapter III, addition of heparin to plasma 
produces an increase in the antithrombic activity of the plasma. 
This is due to the circumstance that heparin together with an 
unknown thermolabile component present in the plasma forms 
a new independent complex which is able to neutralize the 
thrombin. Astrtjp & Daeleng^^ found that when increasing 
amounts of heparin are added to that fraction of the plasma 
proteins which contains the chief amount of the cofactor, the 
antithrombic activity of this fraction increases gradually. This 
increase ceases at a certain heparin concentration, however, 
and further addition of heparin does not fmther increase the 
thrombin-inactivating capacity of the fraction. Accordingly, 
then, the cofactor is used up gradually on addition of heparin, 
and when it is used up completely, the antithrombic activity 
cannot be increased further on addition of heparin because, as 
mentioned before, heparin alone is inactive. 

In order to ascertain whether these findings apply also to 
plasma, I made an experiment with addition of heparin in in- 
creasing amounts to fresh citrated plasma of rabbits. To a series 
of tubes containing 0.5 cc, of this plasma, 0.5 cc. of a heparin 
solution was added to each of these tubes — ^with a gradual in- 
crease in the concentration of the heparin solution. In the con- 
trol test 0.9 per cent NaCl was added instead of heparin. The 
heparin preparation employed here was Heparin “Leo” with an 
activity of k 4-5 (Asteitp & Beihrnts Jensen’), which corre- 
sponds to about 25,000 Howell units per gram. The solvent was 
0.9 per cent HaCl. 


) Sec also p. 112. 
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. After the addition of heparin and thorough mixing by shaking, 
the tubes were placed in a water-bath at 37° for 15 min. in order 
to make sure of a quantitative combination between heparin 
and the cofactor. After this the antithrombic activity of the 
mixture was measmred in the usual manner, but without heat 
coagulation of the plasma. 

This experiment showed, in accordance with the findings of 
Astbup & Darun'g in their work with plasma fractions, that 
the increasiug heparin content of the plasma produced an in- 
creasing antithrombic activity of the plasma — ^up to a certain 
maximum. When this maximum was reached it was impossible 
even with the largest doses of heparin to produce any additional 
increase in the thrombin-inactivating property of the plasma. 
But if a little fresh plasma -was added to a plasma-heparin mix- 
ture containing heparin in excess, a new increase in the anti- 
thrombic activity was produced. So these experiments showed 
plainly that the cofactor for the antithrombic effect of heparin 
was used up gradually on addition of heparin. On addition of 
fresh plasma to the mixture, more cofactor was introduced into 
the mixture, and hence its antithrombic activity could increase 
again. 

The rise in antithrombin resulting from addition of heparin 
was fairly proportional to the amount of heparin added when 
small amounts of heparin were used; but the proportionahty 
varied somewhat from one animal to another. 

With higher heparin concentrations the rise in antithrombin 
per unit of heparin added decreased, and the aforementioned 
maximum was reached with a heparin content of 10-15 mg. 
per cent in the plasma used. 

Intravenous injection of 10-15 cc. of a 100 mg. per cent he- 
parin solution in rabbits weighing 2600-3000 g. gave a rise in 
antithrombin similar to the rise observed on addition of heparin 
to plasma in vitro. 

It is a most st rikin g findin g, however, that the maximum ob- 
tained by addition of heparin is exactly the same as that which 
appears when the rise, in antithrombin is brought about by 
immunization, anaphylactic shock and obstructive jaundice, and 
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that the same physiological variations from one animal to an- 
other assert themselves here. 

A survey of these findings is given in Table 32. 


Table 32. Aniithrombin Content in He'parin Plasma. 



Antlthrombin content In 

KamtXo. 

Nomal 

plasma 

5 mg. 
per cent 
heparin 
plasma 

10 mg. 
per cent 
heparin 
plasma 

20 mg. 
per cent 
heparin 
plasma 

40 mg. 
per cent 
heparin 
plasma 

68 

155 

178 

198 

228 

226 

75 

156 

194 

204 

222 

220 

77 

155 

208 

228 

236 

240 

62 

153 

217 

240 

238 


39 


209 


260 


47 




262 


46 




262 

258 

78 

157 


212 




We have seen that when the maximum of antithrombin con- 
tent is reached during immunization, additional injections of 
antigen give merely a slight and brief rise in antithrombin. 
Something similar is foxmd here. When the antithrombin content 
has reached maximum from one of the aforementioned causes, 
no further rise of significance is obtained by intravenous in- 
jection of heparin or by addition of heparin to plasma in vitro, 
only a minor rise is found, amounting to about 10 per cent of 
the rise observed on addition of heparin to normal plasma. The 
findings in the experiment giving this result are recorded in 
Table 33. 

In the first four rabbits the increased antithrombin value 
was due to immunization, in the last three to obstructive jaxm- 
dice. 

If the fibrinogen solution employed for the antithrombin de- 
termination contained the heparin cofactor, it must be in so 
small amoimts that it could not influence the above-mentioned 
results. This is plainly evident from Astbxtp & Baeling’s^^ ex- 
periments. These authors showed that addition of heparin to 
serum gave no rise in the antithrombin content. This finding. 
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Table 33. Amount of Antithromhin on Addition of Heparin to 
Plasma containing a mcucimum of Antithromhin. 


Rabbit 

No. 

Antitlirombin content 
before addition of 
heparin 

Antithrombin content 
after addition of 
heparin (20 mg.) per cent 

43 

236 

256 

44 

242 

254 

47 

236 

250 

48 

234 

256 

49 

254 

270 

51 

248 

258 

54 

246 

258 


wMcli I have been able to confirm, shows not only that serum 
contains no cofactor, but also that the cofaetor content of our 
fibrinogen solution plays no role. 

The antithrombin formed by addition of heparin behaves to- 
wards intravenous injections of India inlc exactly in the same 
maimer as antithromhin formed during immunization, in anaphy- 
lactic shock and in obstructive jatmdice — under which conditions 
the injection of 0.6 cc. of India ink per kg. gave a sharp fall in 
the antithrombin content to a normal level. In the following 
experiment on rabbits with an increased antithromhin content 
of the blood due to intravenous injection of heparin, injection 
of India ink in the same dosage as above gave likewise a sharp 
fall in the antithromhin concentration to a normal level. The 
results of this experiment are recorded in Table 34. 


Table 34. Antithromhin Content of the Blood after Injections of 
Heparin and India Ink. 


Rabbit 

No. 

Amount of 
heparin injected 

Antithrombin content 
after inj. of heparin 

Antithrombin after inj. 
of 0.5 cc. India ink 

31 

10 CC. of 100 mg. per cent 

234 

155 


heparin solution 



32 

- 

220 

151 

74 

20 cc. of 10 mg. per cent 

252 

154 


heparin solution 




It is a striking observation that it was impossible also in this 
case to produce any larger fall in the antithrombin content; 
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for it wouJd be difficult to imagine that there could have been 
any increase in the stable component. It may be, therefore, that 
here as well as during immunization, anaphylactic shock and 
obstructive jaundice this finding is due to the fact that the blood 
corpuscles India ink are tmable to combine with more anti- 
thrombin than corresponds to the fall observed. The preceding 
rise in antithrombin does not therefore involve the component 
which is refractory to the effect of India ink. 

It is not only in vivo, however, that addition of India ink 
to heparin blood gives this result. Also in vitro does the anti- 
thrombin formed by addition of heparin disappear completely 
on addition of India ink — as illustrated by the experiment re- 
corded in Table 35. 

Table 35. Fall in Antithrombin Content on Addition of India Ink 

to Heparin Blood. 


Babtit 

Ko. 

Antlthrom'bln 
content o{ nor- 
mal blood 

Antithrombin 
content after 
addition of 
heparin 

Antithrombin 

content 

in heparin blood 
after add. of 
India ink 

75 

156 

220 

154 

77 

155 

240 

160 

68 

155 

226 

153 


Ftscheb®® has found that injury to the ceU membrane of 
leucocjdes — ^for instance, by chloroform — enables these cells to 
combine with large amounts of heparin. It seems natural, there- 
fore, to assume that the exposure of the blood corpuscles to the 
action of India ink also implies injury to the corpuscles, and 
that it is for this reason that they are able to combine with 
antithrombin as well as heparin. If this be the case, the corpuscles 
should be able to combine with antithrombin also if they were 
injured in some way other than by India ink — for instance, by 
chloroform. 

Various authors have reported that the antithrombin of plasma 
is destroyed by addition of chloroform. In order to ascertain if 
this holds true also, when only a very small amount of chloro- 
form is added, an experiment was made in which one drop of 
chloroform was added to 2.5 cc. of a plasma containing a large 
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amount of antithrombin, and this gave no change in its anti- 
thromhin content. When, on the other hand, 1 drop of chloro- 
form was added to 5 cc. of citrated blood, which likewise con- 
tained a large amount of antithrombin, the result was a sharp 
fall in the antithrombin content. Even though the addition of 
chloroform produced a slight haemolysis, the resulting dilution 
is far from sufficient to explain the sharp fall in antithrombin, 
as is plainly evident from Table 36. 


Table 36. Fall in the Antithrombin Content of the Blood, on In- 
juring the Corpuscles by Addition of Chloroform. 


Babbit 

No. 

Antithrombin content 
before addition of 
chloroform 

Antithrombin content 
after addition of 
chloroform 

81 

248 

160 

82 

250 

155 

67 

231 

159 

. 64 

188 

156 


These experiments show that the fall in antithrombin on ad- 
dition of India ink to blood is due to injury to the blood corpus- 
cles, as this faU in antithrombin can be produced also by ex- 
posmg the blood corpuscles to substances other than India ink. 

Unf ortimately, attempts to obtain similar findings by addition 
of toluidine blue or clupein sulphate to heparin plasma as well 
as to plasma with a maximal antithrombin content from im- 
munization gave only uncertain results in both cases. 

Besides the verj’- striking resemblance between heparin and 
the variable antithrombin component, also other findings appear 
to point in the same direction. 

Thus it is an established fact that heparin is poured out into 
the blood stream in one of the morbid conditions associated 
with an increase in antithrombin, namely anaphylactic shock 
(see Chapter III). This outpouring of heparin into the blood 
stream proceeds rapidly and is only of brief duration, remindi n g 
one therefore strikingly of the primary rise in antithrombin ob- 
served in shock. The increase in antithrombin is somewhat more 
protracted than the rise in heparin, however, but we have to 


8 
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keep in mind that my experiments are carried out on the rabbit 
while the heparin studies were carried out on the dog, and that 
rabbits behave somewhat differently from dogs, especially as to 
the coagulability of the blood in shock (Dyckekhoff, Maex & 
ZlEGLEE^®). 

It is to be regretted that my experiment with anaphylactic 
shock on a dog does not allow any conclusions to be drawn. 

In addition, it must be remembered that, while heparin itself 
is thermostable, heparin cofactor is thermolabile and show’s 
about the same thermolabHitj’^ as antithrombin. 

As to the rapidity of the effect of - antithrombin on one 
hand, and the effect of heparin + cofactor on the other, state- 
ments have heen made by various authors that seem suggestive 
of a divergence in this respect, as heparin cofactor is claimed 
to have a rapid effect, whereas antithrombin has a slow effect. 

If we investigate these features more thoroughly however, we 
find that these sta-tements are not altogether correct. The effect 
of a strong heparin plasma solution is rapid, it is true, reaching 
its maximmn in 4-5 min. but the effect of weaker solutions is 
considerably slower. If heparin is added only in such a dose 
that the plasma is not qmte saturated with regard to its anti- 
thrombic capacity, -we find that this heparin plasma solution 
reaches its maximal effect against the thrombin only after about 
9-10 min., being thus very reminiscent of the antithrombin, 
which reaches its maximum in 12—14 min. 

The addition of small amounts of heparin to the plasma also 
makes the experimental conditions more like the natural, as 
total "saturation” does not take place in nature either — as is 
evident from the fact that addition of heparin, for instance, to 
immune plasma is able to give an additional slight rise in the 
antithrombin content. 

This investigation was carried out by incubating the heparin 
plasma together -with the thrombin for varying lengths of time, 
as described in Chapter IV. 

Some characteristic incubation curves are showm in Fig. 14. 

From the findings here described it is e-rident that there are 
several and most striking points of resemblance betw'een heparin 
-f cofactor and the variable component of the antithrombin. 
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There are also some features, however, that point awaj'^ from 
this result. 

Antit/irombin 



2 (t lo (if f8 min. 

Fig. 14. Curves showing the rapidity of the inactivation of thrombin by the 
antithrombin in immune plasma and in heparin plasma. 

X — X — X = amount of antithrombin in immune plasma. 

= — - — - heparin plasma (8 mg. per cent). 

0 — 0 — 0 = — - — - — — (20 mg. percent). 

As is well known small amoimts of heparin give, when added 

to plasma, a pronounced prolongation of the coagulation time, 
but even with the maximal antithrombin concentration in the 
rabbits, I have been unable to demonstrate an}'' change in the 
coagulability of the blood, although such an antithrombin con- 
tent should correspond to the presence of 10-12 mg. per cent 
heparin in the blood. 

s» 
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When this is the case, the variable antithrombin component 
cannot be due to that heparin we know. But, when there are 
so many points of resemblance between the variable antithrom- 
bin component and heparin -{- cofactor, this antithrombin com- 
pmmt probably is identical with a combination between the cofactor 
and a heparin-like substance, perhaps a precursory stage of heparin. 

In this connection, I want to call attention to the circumstance 
that the heparin preparations we are acquainted with from our 
experimental work are prepared from the organs by means of 
extremely crude and radical processes, so that it is hardly fair, 
perhaps, to expect that these preparations should present quite 
the same properties as the genuine physiological substance. 


Regarding the question as to the site of the formation of this 
variable antithrombin component, as mentioned already, the 
liver appears not to play any particular role. On the other hand, 
the antithrombin reaction observed during immunization, and 
the possibility of blocking any rise in antithrombin content by 
means of India ink appear to indicate that the reticulo-endo- 
thelial system constitutes the site of the antithrombin formation. 
Also the rise in antithrombin content in obstructive jaundice 
appears to pomt m the same direction. Accordiug to the general 
view (cf. Staeling^i® and Lttndsgaabd®®), the bile pigments 
are produced in the reticulo-endothelial system, and this fimc- 
tion must be compromised somehow in obstructive jaundice, 
which may therefore give rise to the stimulation that brings 
about the antithrombin production. 

Recapitulation. 

1. On bleeding after injection of a large amount of India ink, 
the fall in antithrombin content resulting from the loss of 
blood is compensated within two days — just as in normal 
animals. So the India ink is not able to block this rise in 
antithrombin, 

2. After summarizing the various experimental results, the 
■writer arrives at the conclusion that the antithrombin of 
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the blood consists of two components, one of which is con- 
stant while the other is variable. 

3. The identity of these two components is discussed, and it 
is pointed out that the constant component probably not 
is a real substance but only identical with the enzyme in- 
hibition due to the plasma albumins, while the labile com- 
ponent shows resemblance to heparin -f cofactor. 

4. The reticulo-endothelial system is pointed out as the pro- 
bable site for the formation of the variable antithrombin 
component. 



Chapter X, 

THE SIGNIFICMCE OF ANTITHROMBIN 

Various authors (e. g., Mellanby®^ and Quick^®’) have em- 
phasized the peculiar fact that plasma and serum are able to 
inactivate even considerable amoimts of thrombin apparently 
without influencing the coagulation of the blood. As emphasized 
first by JtlEiiAEBY, a certain amount of thrombin clots the 
plasma and a corresponding solution of fibrinogen in about the 
same time. IVIellaeby and Quick have tried to explain this 
phenomenon by assuming that thrombin has far greater affinity 
for fibrinogen than for antithrombin and hence would be able 
to combine with antithrombin only when no more fibrinogen 
was present, or, in other words, not until the coagulation had 
taken place. 

The basis for this theory is entirely speculative, however. 

In accordance with the above-mentioned observations, 
Dyckerhoff and collaborators'*® have emphasized that in spite 
of the rise in antithrombin content during immunization and 
in anaphylactic shock in rabbits and guinea-pigs, it was not 
possible to demonstrate any prolongation of the coagulation 
time of the blood. 

As mentioned briefty in the preceding chapter, my obser- 
vations confirm these findings. 

In my studies the coagulation time has been determined on 
fresh citrate plasma. Tliis was recalcified by addition of 0.16 cc. 
of a 1.5 per cent solution of CaClg sicc. and then placed quickly 
in a water-bath of glass at a temperature of 37°. Under steady 
cautious shaking, the coagulation time was determined as the 
time that passed before the beginning of coagulation. The coagu- 
lation set in rather suddenly and was easy to observe. Two 
determinations of this land were made on every specimen of 
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plasma. The amoimt of CaClg added to the plasma was selected 
so as to be optimal to .the given amoimt of citrated plasma. 

The plasma was obtained by centrifuging for 10 minutes (3000 
revolutions per min.) of citrated blood taken from an ear vein 
by means of a Kecord syringe. 

With this technique the coagulation time for the plasma from 
20 rabbits was found to be between 46 and 130 seconds. 

The method described here is extremely simple, and I cannot 
see that any of the complicated methods gives so much better 
results that anything would be gained by their employment. 

Such determinations of the coagulation time on plasma before 
and after immunization and anaphylactic shock were found to 
give the values recorded in Table 37. 


Table 37. Coagulation Time of Citrated Plasma on Becalcificaiion. 


Babbit 

No. 

Coagulation 
time in nonnal 
plasma 

Coagulation 
time in immune 
plasma 

Coagulation 
time in shook 
plasma 

■ 

20 

1.46 min. 

1.20 min. 


35 

1.03 - 

2.00 - 


36 

0.45 - 

1.18 - 


37 

0.43 - 

0.49 - 


40 

1.35 - 

1.33 - 

2.00 min. 

41 

1.53 - 

0.50 - 

1.30 - 

42 

1.33 - 

0.45 - 

1.27 - 


Examination of the coagulation time of the plasma from day 
to day during immunization gave likewise normal values. 

Like Mellanby and Quick, I also found a marked dispro- 
portion between the antithrombin content of the plasma and 
its influence on the coagulation. 

Thus I foimd the amount of antithrombin in 1 cc. of serum 
to be about 150 antithrombin xmits, which means that 1 cc. 
of serum is able to neutralize 150 units of thrombin. That this 
is a large amount is evident from the fact that 150 tmits of 
thrombin added to 150 cc. of blood will be able to bring about 
the coagulation in less than 30 seconds. As the total amount 
of blood in a rabbit weighing 2500 g. is about 150 cc., it means 
that 1 cc. of rabbit serum can neutralize an amoimt of thrombin 
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sufficient to coagulate the total amount of blood of the rabbit 
in less than 30 seconds. In spite of this, .on recalcification, the 
rabbit blood coagulates in 1-2 minutes, and the amounts of 
thrombin which bring about this coagulation must even be very- 
small (cf. Asteut & Daeling^®). 

In contrast to the observations reported by Deinkee & Dein- 
KEE, my experiments showed that bleeding does not give a larger 
fall in the antithrombin concentration than was to be expected 
from the quantity of blood lost. So the reduction in the coagu- 
lation time of the blood under these conditions appears not to 
be connected with the decrease in antithrombin. 

Furthermore, as mentioned before, if the antithrombin con- 
tent is lowered about 20 per cent under the normal level by 
intravenous injection of 0.5 cc. of India ink per kg., it keeps 
constant at this level for a long time — over 6 weeks. Four weeks 
after the injection of India ink, however, the antithrombin con- 
tent may be raised again by immunization or obstructive jatm- 
dice, at any rate above the normal level. This shows that even 
though the antithrombin content is capable of increasing, it 
remains at the low level unless some particular stimulation 
exerts its influence. This appears to indica-fce that it makes no 
particular difference to the organism if the antithrombin con- 
centration of the blood is lower than normal. 

All the features mentioned here suggest that the significance 
of the antithrombin to the coagulation is relatively slight. 

Howell and collaborators assign a great deal of importance 
to the antithrombin, however, in particular with regard to the 
stabilization of the circxilating blood. They hold that antithrom- 
bin inactivates the amounts of thrombin that sometimes may 
be formed during the circulation of the blood and thus prevent 
intravascular coagulation. But this theory rests on an entirely 
speculative basis. 

The failure of antithrombin to influence the coagulation time 
of the blood may possibly be due to the circumstance that the 
combination of thrombin with antithrombin is a somewhat pro- 
tracted process, requiring 15 minutes for its quantitative estab- 
lishment (see Fig. 2). Since the coagulation of plasma takes 
place as shown in 1—2 minutes, and since the amount of throm- 
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bin which produces this coagulation must require a certain part 
of this time for its formation, the time available for any reaction 
between thrombin and antithrombin must become so very short, 
that only small amounts of thrombin can become combined 
with the antithrombin. Still, this explanation is not absolutely 
adequate, as the spontaneous coagulation involves only small 
amounts of thrombin. 

The reason for the presence of antithrombin in the blood and 
its apparent lack of influence on the coagulation of the blood 
still remains an open question. 

In conclusion I want to eaU attention to another point — ^the 
very inaccurate methods at our disposal for determination of 
the coagulation time of mammalian blood. The standard devia- 
tion amounts even with the best of the methods to about 100 
per cent. Taking into consideration that even the highest mea- 
sured rise in antithxombin concentration of the blood is only 
about 70 per cent, it is obvious that a real estimation of the 
significance of the antithrombin appears impossible until more 
reliable methods have been worked out for determination of the 
coagulation time of the blood. 

Becwpitulation. 

1. Like some previous investigators, the writer points out that 
in spite of the rise in the antithrombin content it is not 
possible to demonstrate any prolongation of the coagulation 
time of the blood, and that there is a striking disproportion 
between the antithrombin content of the blood, normal as 
well as abnormal, and the apparent lack of influence of this 
upon the coagulation. 

2. These features are discussed. 


SUmiAKY 


In the inirodv^tion some orientating remarks are made about 
antithrombiu itself. It is pointed out that our knowledge of 
antithrombin is only slight because hitherto it has not been 
possible to determine its concentration in the blood with any 
fair degree of accuracy. In 1940-1941, however, Astbijp & Dab- 
T.TN -f} succeeded in working out a method for quantitative anti- 
thrombin determination. This made it possible to take up ear- 
her, often conflicting, findings for revision. 

Chapter I gives a brief survey of the modem theories con- 
cerning coagulation of the blood. They are all based on the 
schema set up by Moea^vitz in 1904, and the points about which 
opinions differ are the physicochemical aspects of the components 
involved and the complicated ways in which they react upon 
each other. In this survey particular care is taken to show how 
the various authors assume that the coagulation-inhibiting sub- 
stances influence the mechanism of coagulation. 

Chapters II and III give a historical survey of antithrombin, 
Chapter H dealing with the older investigations, while the more 
modem views and experimental resrdts are discussed in Chapter 
III. The border line dividing the more recent from the older 
literature may be fixed at the year 1918, as at that time a new 
substance, heparin, was introduced by Howell and Holt into 
the discussion about the coagulation of the . blood. Through 
further investigation of this substance and its properties ilew 
light was thrown on many of the older, often very conflicting, 
statements and experimental findings. 

The literature on the antithrombic activity of heparin is re- 
viewed, and a number of concordant investigations are seen to 
show that heparin in itself is inactive, and that it is able to in- 
activate thrombin only when it is combined with an unknown 
thermolabile cofactor. 
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The part played by heparin ia the thrombin-inactivating pro- 
perties of plasma and serum is discussed, and it is pointed out 
that, as only a small amount of heparin is present in the blood 
under normal conditions while, on the other hand, plasma and 
serum are able to inactivate considerable amounts of thrombin, 
only a small part of the normal antithrombin can be due to 
heparin. This may conceivably be different imder pathological 
conditions. Most investigators think, however, that heparin has 
nothing to dn with the normal antithrombin, and a number of 
authors claim even that the thrombin-inactivating properties of 
plasma and serum are due exclusively to the unspecific enzyme 
inhi biting properties of the plasma albumins. Several authors 
have found an increase in the antithrombin content of the blood 
under certain pathological conditions where there is no reason 
to assume that the amount of the plasma albumins undergoes 
any particular change. If these findings be correct, the conclusion 
win naturally be that the above-mentioned simple conception 
of the antithrombin is erroneous. The aim of the present studies 
has therefore been primarily to investigate more thoroughly the 
amount of antithrombin in the blood under these conditions. 

In OTiapter IV a description is given of the measuring tech- 
nique employed in these studies as elaborated by Astbup & 
Daeltno. Its principle consists in adding varying amounts of 
serum to 1 cc. of a thrombin solution of a given potency and, 
after incubation of the mixture in a water-bath at 37° for 15 
minutes, measuring its activity against a solution of fibrinogen. 
By comparison with a control solution without serum it is pos- 
sible to calculate how much thrombin has disappeared and this 
is taken as equal to the amount of antithrombin originally pre- 
sent. The antithrombin content of the serum is recorded as anti- 
thrombih units per cc. serum. 

A thorough investigation of the method shows that the stan- 
dard deviation is less than 6 per cent and that the incubation 
period of 15 minutes employed is necessary and adequate in 
every instance. The antithrombin content of the plasma is de- 
monstrated as being exactly the same as tha.t of the correspond- 
ing serum. Assays on specimens of blood from the same rabbit 
and from 80 rabbits show the physiological variation to be about 
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± 6 per cent. When the plasma is kept in the ice-box its anti- 
thrombin content remains unchanged for more than one -week. 

Chapter V gives first a detailed account of the investigations 
carried out by Bobdet and Gengou in 1901 and by Dyckee- 
HOFF and collaborators in 1939 on the antithrombin concen- 
tration of the blood during immunization. It is pointed out that 
so far it has merely been realized that this process is associated 
with a rise in the antithrombin content of the blood, whereas 
it has not yet been ascertained how, when and to what extent 
this rise in antithrombin is brought about. According to Dycker- 
HOFF, the antithrombin formed under these conditions is inde- 
pendent of the presence of thrombin in the protein solutions 
employed for the immunization; in addition he assumes that 
he is able to show that this rise in antithrombin involves no 
species specificity. Bordet & Gengoh had advanced the oppo- 
site view, however. 

In the studies here presented the immunization was- carried 
out by means of 5 intravenous injections of various protein 
solutions. This treatment was found to result in a rise in the 
antithrombin concentration of the blood, and this rise showed 
strikingly slight variation from one animal to another and from 
one antigen to another. A maximum was reached in 10-12 days, 
in nearly every instance after a rise amounting to 60-70 per cent. 
When the injection of antigen was discontinued after the maxi- 
mum was reached, the antithrombin concentration feU off slowly, 
reaching a normal level in 4r-6 weeks. When, on the other hand, 
the injection of antigen was continued, the antithrombin con- 
centration kept at the high level for a considerable length of 
time, but it was not possible to obtain an additional rise. Besides 
this slow' and protracted rise in antithrombin content from the 
fifth day foUowring the first injection, each of the subsequent 
injections was foUow^ed immediately by a brief rise in anti- 
thrombin that lasted only about 1 hour and amounted only 
to 10-20 antithrombin rniits per cc. The fact that no such rise 
was seen after the first injection, but only after some length 
of time, appears to indicate that these small antithrombin re- 
actions in immediate connection with the injection of antigen 
are phenomena of hypersensitiveness. 
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Like Dyckerhofi', the "WTiter found the rise in antithrombin 
to be independent of the presence of thrombin in the solutions 
employed for the immunization. In addition, the writer found 
it to be immaterial whether the immunization was carried out 
with protein solutions or with solutions of high-molecular sub- 
stances free from antigenic properties, as for instance, starch, 
gelatine and gum arabic. Injection of these substances residted 
in exactly the same antithrombin reaction. With the employ- 
ment of these substances too, the characteristic brief and small 
rise in antithrombin was seen to follow each subsequent injection 
for about 5 days after the first injection. The fact that this 
antithrombin reaction was not observed after the first injection 
of the non-antigenic substances mentioned seems to indicate 
that even though these substances apparently show no antigenic 
property, their injection is stiU associated with sensitization of 
the animal. The hypersensitiveness produced diuing immuni- 
zation with proteins as weU as on intravenous injection of gela- 
tine, starch and gum arabic is specific. 

Intravenous injections of suspensions of corpuscular antigens 
caused a somewhat different antithrombin reaction ; a small rise 
of shoii) duration in antithrombin content, immediately after 
the later injections, but no general rise in antithrombin. 

In anaphylactic shock produced by means of sensitization 
with protein solutions and subsequent reinjection of the corres- 
ponding protein, the resrdt was first a sharp primary rise in 
antithrombin. This was only of brief (Juration, and after an inter- 
val of some hours during which the antithrombin concentration 
stayed at a normal level, there was a slow secondary rise that 
reached its maximum about 30 hours after the shock. The pri- 
mary as well as the secondary rise amoimted to about 60-70 
per cent of the initial antithrombin concentration. 

Senzitisation and subsequent reinjection of the corresponding 
high-molecular substances without antigenic character — starch, 
gelatine and gum arabic — ^resulted in exactly the same anti- 
thrombin reaction as described under anaphylactic shock elicited 
with proteins. 

Anaphylactic shock produced with suspensions of corpuscular 
antigens gave only the primary rise in antithrombin concentration. 



126 AKTITHBOMBIK CONTENT OE THE BLOOD 

Thus there is a distinct difference in the effect on the anti- 
thrombin formation brought about by solutions and by suspen- 
sions. 

Chapter VI gives a brief account of previous statements con- 
cerning the antithrombin concentration of the blood in obstruc- 
tive jaundice and injury to the liver. From this it is evident 
that most authors agree to some extent in the view that the 
antithrombin concentration is increased in obstructive jaun- 
dice, whereas opinions differ widely as to the quantitative 
aspects of antithrombin in other forms of liver injury. 

The writer’s investigations show that experimental obstructive 
jaundice is associated with a rise in antithrombin, whereas in- 
jmy to the liver produced by poisoning with chloroform and 
with carbon tetracbloride gives a fall in antithrombin, lasting 
as long as the poisoning. As thus the hver injury in obstructive 
jaundice was associated with a rise in antithrombin, while in 
the poisonings it was associated with a fall, the rise and the. 
fall in antithrombin content can hardly be due to the liver 
injury. 

The rise in antithrombin content observed in obstructive 
jaundice is of a similar magnitude as the rise associated with 
immunization. 

Chapter VII deals with the influence of injection of India inlc 
on the antithrombin concentration. It is demonstrated that 
small injections of 0.1 cc. of India ink per kg. give a brief faU 
in antithrombin content amounting to about 20 per cent of the 
initial value, whereas larger injections produce the same fall, 
which now lasts for several weeks. 

After the first two injections, the reaction . to repeated in- 
jections of 0,1 cc. of India ink per kg. decreases steadily, until 
finally the injection gives no reaction whatever. 

The injection of large amounts of India ink in animals with 
a maximal antithrombin content of the blood produces a sharp 
fall to normal level. This holds true irrespective of the way in 
which the antithrombin content has been raised to maximum. 

Besides producing a fall in the antithrombin content, the in- 
jection of India ink may also completely block the antithrombin 
formation above the normal value, as 5 injections of 0,1 cc. of 
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India ink per kg. prevent any rise in antitkrombin during im- 
munization and in anaphylactic shock and obstructive jaun- 
dice. 

The addition of India ink to citrated blood in vitro gives 
likewise a fall in the antithrombin content. This influence of 
India ink on the antithrombin content is shown to be due to 
the circumstance that the membrane of the blood corpuscles 
is injured and that the corpuscles are thereby enabled to com- 
bine with antithrombin. This effect of India inlc is discussed. 

In Chapter VIII the antithrombin concentration after a con- 
siderable loss of blood is investigated fairty thoroughly, and from 
the experimental findings the resulting fall in antithrombin is 
seen to foUow the dilution of the blood. 

In Chapter IX attempts were made to remove the antithrom- 
bin completely by the combination of injection of India ink 
and bleeding. This proved impossible, however, as the fall result- 
ing from the bleeding was compensated in two days, notwith- 
standing the preceding India inlc blockade, just as in the case 
of normal animals. 

After recapitulating the various experimental results, the 
writer arrives at the conclusion that the antithrombin content 
of the blood probably consists of two independent components. 

One of these makes up normally 80 per cent of the anti- 
thrombin content of the blood, it is constant, and it is not 
affected by injection of India ink. Bleeding gives also a fall in 
the concentration of this component, ovdng to dilution of the 
blood, but this faU is compensated again bj'^ a rise, irrespective 
of India inlc blockade. The other component makes up normally 
only 20 per cent of the antithrombin content of the blood, but 
various pathological conditions may cause it to rise to values 
many times the initial. By addition of India ink to the blood in 
vivo as weU as in vitro, it is possible entirely to remove this 
component, and its formation can be blocked completely by in- 
jection of India ink. 

Experiments carried out to throw additional light on the 
identity of these two components suggest the possibility that 
the first component, which normally makes up 80 per cent of 
the antithrombin, is not a real substance, but that it may be 
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identical with, the inhibiting properties of the plasma albumins 
as exerted by simple adsorption. 

In contrast hereto, the other, variable component shows some 
st rikin g points of resemblance to heparin + cofactor. 

Finally, the reticulo-endothelial system is pointed out as the 
probable site of formation for the variable antithrombin com- 
ponent. 

In Gha'pter X the -writer discusses the significance of the nor- 
mal as well as pathological antithrombin concentrations. On 
this point no exact information has been gained by the experi- 
ments here reported, and the question has to be left so far to 
entirely theoretical considerations. 



DANISH SmOIAKY 


Indledningen er formet som en Orientering om selve Anti- 
tkrombinet. Det paapeges her, at Kendskabet til Antithrombin 
kun er ringe grundet paa, at det hidtil ikke har vseret muligt 
at bestemme dets Msengdeforhold i Blodet blot med nogenlunde 
Nojagtighed. Dette blev imidlertid afhjulpet 1940 — 1941, idet 
det lyl^edes for Astrup og Darling at udarbejde en Metode 
til en kvantitativ Antithrombinbestemmelse, der tilled Maa- 
linger med en Nojagtighed paa imder 5 %. Herved blev det 
muligt at tage de tidligere, ofte modstridende Angivelser op tU 
Revision. 

I Kapitel I gives en kortfattet Oversigt over de moderne 
Koagulationsteorier. Disse hviler alle paa det af Morawitz i 
1904 opstillede Skema, og de Punkter, hvorom der nu er Denig- 
hed, er de implicerede Komponenters fysisk-kemiske Forhold 
og de komplicerede Maader, hvorpaa de reagerer med hinanden. 
Der er ved denne Oversigt saerlig lagt Vaegt paa at vise, hvor- 
ledes forskellige Forfattere tasnkersig, de koagulationshsemmende 
Stoffer influerer paa Koagulationsmekanismen. 

Kapitel 11 og III giver en histoiisk Oversigt over Antithrom- 
binet, saaledes at der i Kapitel II nsermere gores Rede for de 
aeldre Undersogelser, medens de mere moderne Anskuelser og 
Forsogsresultater diskuteres i Kapitel III. Skillelinien mellem 
den seldre og den nyere Litteratur trsekkes naturligst omkring 
1918, idet da et nyt Stof, Heparinet, af Howell og Holt ind- 
fortes i Diskussionen om Blodets Koagulation. Ved nsermere 
Udforskning af dette Stof og dets Egenskaber kastedes der nyt 
Bys over mange af de seldre ofte yderst modstridende Angivelser 
og Forsogsresultater. 

Litteraturen over Heparinets Antithrombinvirkning gennem- 
gaas, og det ses herved, at en Rsekke samstemmende Under- 
sogelser viser, at Heparinet alene er uvirksomt, og forst naar 
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det kobles til en ukendt, tennolabil Co-Faktor bliver det i Stand 
til at inaktivere Thrombin. 

Heparinets Andel i det normals Plasma og Serums thrombin- 
inaktiverende Egenskaber gores til Genstand for nsermere Dis- 
kussion, og det paavises, at da Heparin under normale Eorhold 
kun findes i Blodet i smaa Maengder^ medens paa den anden 
Side Plasma og Serum er i Stand til at inaktivere betydelige 
Thrombinmsengder, kan kun en ringe Del af det normale Anti- 
thrombin skyldes Heparin. Dette kan maaske taenkes at aendre 
sig ved pathologiske Eorhold. De fleste Eorskere mener dog, at 
Heparinet intet bar at gore med det normale Antithrombin, og 
en Raekke Eorskere haevder endog, at Plasma og Serums throm- 
bininaktiverende Egenskaber udelukkende skyldes Plasmaalbu- 
minemes uspecifikke Enzymhaemning. Specielt udfra en Raekke 
Arigivelser fra forskelhg Side over Eremkomsten af Antithrom- 
binstigning ved pathologiske Tilstande, hvor der iltke er Grund 
til at formode, at der sker Jilndringer i Plasmaalbuminemes 
Maengdeforhold, konkluderes det, at saafremt disse Angivelser 
er rigtige, er denne simple Opfattelse af Antithrombinet urigtig. 
Mine Undersogelser er derfor i forste Linie gaaet ud paa at 
undersoge Antithrombinmaengden ved disse Tilstande nojere. 

I Kapitel IV beskrives den anvendte Maaleteknik, der er an- 
givet af AsTEtrp og Daeltn'g. Princippet i denne er, at man td 
1 cm® af en Thrombinoplosning af bestemt Styrke saetter va- 
rierende Serummaengder, og efter at Blandingen er blevet inku- 
beret i Vandbad ved SV'’ i 15 Minutter, maales dens Aktivitet 
over for en Fibrinogenoplosning. Ved Sammenligning med en 
IControloplosning uden Serum kan det udregnes, hvormeget 
Thrombin der er forsvundet, og dette saettes lig Maengden af 
Antitlirombin. Antithrombinmaengden angives som Antithrom- 
binenheder pr. cm® Serum. 

Ved nojere Undersogelser af Metoden vises det, at dens Maale- 
fejl er paa under 5 %, og at den anvendte Inkubationstid paa 
15 iSIinntter i alle Tilfaelde er nodvendig og tilstraekkelig. Det 
paavises, at Antithrombinmaengden i Plasma og Serum er noj- 
Ved Undersogelser paa Blodprover dels fra samme, 
dels fra 80 forskellige Kaniner ses det, at den fysiologiske 
\ariation er paa i ^ %• Antithrombinmaengden i Plasma holder 
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sig usendret i over 8 Page, naar Plasmaet opbevares i Isskab. 

I Kapitel V gores forst naermere Rede for de af Bordet og 
Gengou i 1901 og af Dyckerhoef og Medarbejdere i 1939 fore- 
tagne TJndersogelser over Antitbrombinmaengden ved Immuni- 
sering, og det paavises, at man endnu kun er naaet til at er- 
kende, at der berved sker en Forogelse af Blodets Antithrombin- 
indbold, men at man endnu er uden Viden om, hvorledes, hvor- 
naar og bvor stor denne Antitbrombinstigning er. Ifolge Pycker- 
HOPF var det darmede Antitbrombin uafbaengigt af, om der 
fandtes Thrombin i de til Immuniseringen benyttede Protein- 
stofoplosninger, og ban mente desuden at kuime vise, at det 
var uden Artspecifitet. Bordet og Gengou var derimod af den 
modsatte Opfattelse. Ved mine Undersogelser foretoges Immuni- 
seringerne ved 5 intravenose Injectioner af forskeUige Protein- 
stofoplosninger. Pet viste sig, at der berved fremkom en Anti- 
tbrombinstigning, og at denne forlob overordentbg ensartet fra 
Pyr til PjT og fra Antigen til Antigen. I Lobet af 10 — 12 Page 
naaedes et Maximum, nsesten i alle Tilfaelde efter en Stigning 
paa 60 — 70 %, Ophortes med Antigeninjectionerne efter at Maxi- 
mum var naaet, faldt Antitbrombinmsengden langsomt tU nor- 
mal Vserdi i Lobet af 4 — 6 Uger. Fortsattes derimod med Anti- 
geninjeetioneme boldt Antitbrombinmsengden sig paa det hoje 
Niveau i Isengere Tid, men det var ikke muligt at opnaa en 
yderbgere Stigning. Foruden denne langsomme og langvarige 
Antitbrombinstigning fremkom der fra 5. Pag efter 1. Injection 
ved hver af de folgende Injectioner smaa kortvarige Antitbrom- 
binstigninger, der blot var af ca. 1 Times Varighed og kun belob 
sig til 10 — 20 ■Antithrombinenheder pr. cm^. Pet, at dette ikke 
skete ved den forste Injection, men ferst naar der var gaaet 
nogen Tid, synes at vise, at disse smaa Antithrombinreaktioner, 
umiddelbart i Tilslutning til Antigeninjectionerne, er et Over- 
folsombedsfsenomen. 

Pet viste sig i Lighed med Pyckerhoff’s lagttagelser, at 
Antitbrombinstigningen var uafhsengig af, om der var Thrombin 
i de Oplesninger, der benyttedes til Immuniseringen; men for- 
nden dette fandtes ogsaa, at det var ligegyldigt, om der benytte- 
des Proteinstofoplosninger eUer Oplosninger af hojmolekylsere 
Stoffer uden Antigenkarakter som for Eks. Stivelse, Gtelatine 
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og Gummi Arabicum, idet der ogsaa ved Injection af disse Stoffer 
fremkom nojagtig de samme Antithrombinreaktioner. Saaledes 
kora der ogsaa her ca. 5 Dage efter forste Injection ved hver af 
de folgende den karakteristiske, kortvarige Me Antithrombin- 
stigning, og det, at dette ogsaa i disse Tilfselde forst skete ved 
de senere Injectioner og ikke ved de forste, sjmes at tyde paa, 
at der ogsaa ved Injection af saadanne Stoffer, der tilsyne- 
ladende er uden Antigenkarakter, alligevel sker en Sensibili- 
sering. Saavel ved Immimisering med Proteinstoffer som ved 
intravenos Injection af Gelatine, Stivelse og Gummi Arabicum 
er Overfolsomheden specifik. Ved intravenos Injection af Op- 
slemninger af corpusculsere Antigener fremkom en noget anden 
Antithrombinreaktion, idet der herved kun skete de smaa kort- 
varige Antithrombinstigninger i Tilslutning til de senere Injec- 
tioner, medens den genereUe Stigning udeblev. 

Ved det anaphylaktiske Shock, fremkaldt ved Sensibihsering 
med og efterfolgende Reinjection af Proteinstofoplosninger, frem- 
kom forst en brat primger Stigning. Denne var kun kortvarig, 
og efter et Interval paa nogle Timer, hvor Antithrombinet laa 
paa normal Vserdi, kom der derpaa en langsom sekundser Stig- 
ning, der naaede Maximum ca. 30 Timer efter Shocket. Saavel 
den primjere som den sekundsere Stigning var paa ca. 60 — 
70 %. 

Ved Sensibihsering og efterfolgende Reinjection af hojmole- 
kylaere Stoffer uden Antigenkarakter som for Eks. Stivelse, Gela- 
tine og Gummi Arabicum fremkom nojagtig de samme Anti- 
thrombinudslag som beskrevet ved det anaphylaktiske Shock 
fremkaldt ved Proteinstofoplosninger. 

Ved anaphylaktisk Shock fremkaldt ved Opslemninger af 
corpusculsere Antigener fremkom kun den primsere Stigning. 

Der er saaledes en tydelig Porskel paa den Virkning paa Anti- 
thrombindannelsen, der foraarsages af Oplosninger og Opslem- 
ninger. 

I Kapitel VI gives en kortfattet Redegorelse for de tidhgere 
Angivelser over Antithrombinmajngden ved ' Staseicterus og 
Leverbeskadigelser, og det fremgaar heraf, at der foreligger 
nogen Overensstemmelse, hvad angaar den Opfattelse, at der 
sker en Antithrombinstigmng ved Staseicterus, medens der her- 
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I Kapitel IX forsogtes ved en Kombination af Aareladiiiiig 
og Tuschinjectioner belt at fjerne Aatithrombinet. Dette viste 
sig imidlertid umuligt, idet det ved Aareladningen fremlcortme 
Paid, trods Tuscbblokade, alMgevel kompenseredes i Lobet af 
2 Dage, ligesom Tilfasldet var hos normale Dyr. 

Efter en Rekapitulation af de forskellige Eorsogsresultater 
konkluderes, at Blodets Antitbrombin sandsynbgvis bestaar af 
2 Komponenter. 

Den ene af disse udgor normalt 80 % af Blodets Antitbrombin- 
indbold, den er ret konstant og paavirkes ildie af Tuschinjec- 
tioner. Ved Aareladning faas ogsaa et Paid af denne Kompo- 
nent grundet paa Blodets Fortynding, men dette Paid kompen- 
seres igen ved en Stigning, uanset Tuscbblokade. 

Den anden Komponent udgor normalt krm 20 %, men kan 
ved forskeUige pathologiske Tilstande bringes til at stige til det 
mangedobbelte. Tuschtilssatning til Blodet saavel in vivo som 
in vitro kan belt fjeme denne Komponent, bgesom det kan 
lykkes med Tusch fuldstaendig at blokere dens Dannelse. 

Ved Porsog paa at faa naermere Klarbed over Identiteten af 
disse 2 Komponenter fremsaettes den Mxdighed, at den forste 
af disse, der normalt udgor 80 %, kan vaere identisk med Plasma- 
albuminemes Enzymbaemning ved simpel Adsorbtion. 

Den anden variable Komponent udviser derimod slaaende 
Lighedspunkter med Heparin Co-Paktor, bvQket naermere 
diskuteres. 

Til Slut i dette Kapitel paapeges det reticuloendothebale Sy- 
stem som det sands3mbge Dannelsessted for den variable Anti- 
thrombinkomponent. 

Betydmngen af saavel det normale som det pathologiske Anti- 
tbrombin gores tn Genstand for naermere Diskussion i Kapitel X. 
Paa dette Punkt lykkedes det ikke ved mine Porsog at faa 
eksakte Oplysninger, og jeg bar her maattet nojes med rent 
teoretiske Overvejelser. 
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Introduction. 


Tlie varying tolerance to alcohol in man is a well-known fact, 
it being the reaction of an individual to the administration of 
a drug. In the case of ethyl alcohol it is equivalent to the inverse 
value of the degree of intoxication. Its presence is easily demon- 
strated. 

On the basis of medico-legal examination the number of indi- 
viduals, denoted as being ’under the influence’, is plotted against 
the prevailing blood alcohol concentration. The resulting graph 
(fig. 1) shows the typical /-shape of an ordinary mortality curve, 
i. e. the Gaussian probability integral. The varying tolerance to 
alcohol thus seems to be normally distributed among a population. 





Kg. 1. Frequency of diagnosis “influenced” referred to blood alcohol con- 
centration. 

The curve is based on 700 cases, examined by 7 observers, reported by Liue- 

STKAND (1940). 

Two main things may have a bearing upon this: 

1. The varying tolerance may be only apparent and the curve 
a composite one. In that case it would be the result of single 
examinations made by a number of observers using different 
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criteria for tteir diagnoses. This is true on the one hand (Ltlje- 
STEA^*D 1940), on the other the results of a single investigator 
give the same principal features. Cramer (1937) has shoum that 
the composition of two probability curves gives another proba- 
bility distribution, and that the Gaussian function is the only one 
having this property. 

2. Thus the curve must be interpreted as a real expression for 
a varying tolerance to alcohol, and is probably due to the same 
biological factors that cause varying tolerance to substances in 
general, and which combine themselves at random. 

Plotting the frequency curve against blood alcohol concentration 
eliminates variations due to dosage, rate of absorption, of distri- 
bution and of elimination. The principal cause of the varying 
tolerance demonstrated is thus due to variations in resistance, 
which is here defined as the ability of the cells to resist the effect 
of a drug. The degree of the resistance is generally common to a 
whole group of indhdduals as a species, a sex, a stock of animals etc, 

So far we can establish that there exists a varying tolerance 
and resistance to alcohol, the nature of which, however, is still 
unsolved. 

Pollowing the course of alcohol intoxication in an individual, 
and referring the degree of the symptoms to blood alcohol 
will be the line along which this problem is to be approached. 

Comparatively few investigations have been made into the 
mechanism of the tolerance of an indi^’idual and the relationship 
between symptoms and known physical and chemical properties 
of the alcohol metabolism, i. e. dosage, rate of absorption, of 
distribution and of elimination or the prevailing blood alcohol 
concentration. i\IiLEs’ (1924) studies on the effect of small quanti- 
ties of alcohol on a series of different frmctions indicate that a 
relationship exists between the degree of disturbance and the urine 
alcohol. Grae (1933) suggested a proportionality between the 
square of blood alcohol concentration and the symptoms, which 
was confirmed by Straub (1938). 

The purpose of this work is to study quantitatively the degree of 
disturbance of certain functions in man, to repeat these experi- 
ments on differing groups of individuals under different conditions, 
and finally to evaluate the possible relationship between symptoms 
and blood alcohol. 

Jlethods were worked out for the recording and measurement 
of symptoms in two sensory, functions; viz, the fusion frequency 
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of the eye to, intermittent light, and the sensitivity of the cornea 
to air stimuli^ further in motor functions by a test of standing 
steadiness and by a finger-finger test; and finally in some psy- 
chological functions by a subtraction and a Bourdon test (part I). 
The results were treated statistically, and a theory derived from 
the relationship between the degree of intoxication and blood 
alcohol, which indicated a direct proportionality between the 
logarithm of the magnitude of disturbance and the blood alcohol 
concentration. An approach was also made to the problem of pos- 
sible differences in intoxication during the rising and the decrea- 
sing phase of the blood alcohol curve. 

As a consequence of the assumption that there exists a close 
relationship between symptoms and blood alcohol in one and 
the same individual, the question arises whether the ingestion 
of food with alcohol, which is known to lower the subsequent 
blood alcohol level and the degree of intoxication, will alter the 
relationship or not. The latter possibility seems to favour the 
assumption that the influence of food on the degree of intoxication 
is entirely due to its lowering the blood alcohol. This will be the 
main topic of part II. 

A central problem when discussing the varying tolerance to 
alcohol is that of habituation, if such a phenomenon really exists, 
and its possible bearing upon tolerance or resistance to alcohol. 

Most workers in this field agree in assuming an habituation to 
alcohol, i. e. a changed reaction after using alcohol for a long 
period of time. The habituation generally appears in the form of 
increased tolerance, i. c. a lowered degree of intoxication after 
ingestion of doses that would cause pronounced symptoms in the 
abstainer. 

Opinions differ, however, as to the causes of this habituation. 
Three main conceptions can be distinguished in the discussion. 

The first assumes that a certain degree of intoxication always 
corresponds to one and the same alcohol content of the tissues 
in all individuals. The habituated individual acquires an ability 
to rid itself of ingested alcohol more quickly than the unhabituated 
one, and this enables him to consume large quantities -without 
being affected. 

A second conception claims that the habituated indi-vddual 
acquires the ability to compensate psychically the symptoms 
of intoxication, above aU functions which are familiar to him. 

A third theory maintains that the process of habituation lies 
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in a changed reaction of the nerve cells to the penetration of 
alcohol. 

It must not he forgotten in this discussion that habituation 
may be due to a combination of any two or three of the theories 
presented. 

By referring the degree of disturbance after alcohol ingestion 
in the functions already described to blood alcohol and by com- 
paring the results for three different groups of individuals: ab- 
stainers, moderate drinkers and heavy drinkers, the problem of 
habituation will be approached in part III. Finally the general 
problem of tolerance will be discussed on the basis of the evid- 
ence brought forward in the previous parts. The influence of 
variations in absorption, distribution and elimination of alcohol, 
and of the variations in resistance due to habituation, will be 
analysed. 



PART L 


The Influence of Alcohol on Sensory, 
Motor and Psychological Functions in 
Normal Individuals. 

Investigations on the influence of alcohol on isolated functions 
have been carried out to a great extent. Comparatively few have, 
however, dealt with the problem of studying the changes 'in 
somatic and psychic functions in one and the same individual, 
and made records of tests employed for clinical examination and 
referred to blood alcohol. 

Dodge and Benedict (1915) investigated the influence of 
alcohol on the performance of somatic and psychological tests, 
and reported an impairment of neuro-muscular co-ordination and 
an increase of the sensory threshold for pain stimulation. 
Whenever apparent excitation occurred, it was demonstrably 
or probably due to a relative over-balancing depression of the 
controlling and inhibiting processes. Their experiments were 
repeated under somewhat different conditions by Miles (1924) 
with an improved technique and referred to urine alcohol. He 
stated that alcohol taken in diluted form gave a well defined and 
measurable depression in physical and mental processes, which 
approximately followed the course of the alcohol. 

Cablson et al. (1934) in a similar work studying the influence 
of beer on a series of functions of somatic and psychological 
nature, failed, however, to show a deviation from normal in 
other than neuro-muscular functions. 

In part I of this paper the influence of alcohol on sensory, 
motor and psychological functions will be studied quantitatively. 

.General Experimental Conditions. 

The aim of this work from the methodological point of view is 
to follow the course of alcohol intoxication in man after ingestion 
of ethyl alcohol. For this purpose a series of tests on different 
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functions ■was repeated on one and tlie same individual at certain 
intervals before and after alcobol ingestion, and the results were 
referred to blood alcohol. 

The experiments were arranged in the following way: 

The subject came on an empty stomach at 8.00 a. m. A short 
case report was taken and then the experiments began "with a basal 
period. During this time the tests, eight in all, were carried 
out t-wice, each set of tests lasting about 30 to 40 minutes. The 
values found served as basal values for the evaluation of the 
results in the alcohol series (p. 16). 

After the basal period alcohol was given. The sets of tests 
were repeated another seven times at intervals of 40 to 60 mi- 
nutes. Thus nine complete sets in all were carried out. Some of the 
tests (both finger-finger and corneal) were repeated twelve to 
thirteen times at shorter intervals. Each experiment lasted for 
seven to nine hours, the control period taking about one and a 
half and the alcohol six to seven hours. Blood alcohol samples 
were taken, and the result of the tests was referred to the pre- 
vailing blood alcohol concentration. 

Fasting and food: The fasting experiments were made after 
twelve to fourteen hours of fasting. The subjects in the fasting 
experiments were sometimes allowed to eat a light meal about 
four after the ingestion of alcohol hours. The absorption was at 
that time completed and the symptoms had nearly disappeared. 

In the food experiments the basal period, i. e. the tests previous 
to the alcohol ingestion, was made on an empty stomach. Then the 
food was taken, and during the last ten minutes the alcohol. 
In a preliminary series the food consisted only of one or two slices 
of bread and butter or some cake. In the final experiments a sub- 
stantial meal was given, consisting of sandwiches, Y 2 liter milk, 
porridge and a warm course of meat and potatoes or fried fish, 
etc. 

Alcohol dosage: The alcohol used was ordinary Swedish Potato 
brandy about 40 vol. %, corresponding to a concentration of 
alcohol of 31.7 g per 100 cc. It was generally given neat. Sometimes 
a few cc of vermouth or madeira were added in order to improve 
the taste, above all to abstainers who showed difficulty in 
swallowing the whole dose. 

The quantity of alcohol administered varied between 120 and 
340 cc, corresponding to a dosage of 0.G3 — 1.42 g of alcohol abso- 
lutus per kg body weight, the whole dose taken ■within ten minutes. 
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Blood alcohol samples, double or triple samples, were taken by 
means of Widmark capillaries (Widmark 1932) with 20 — 30 
minutes interval during absorption, and with an interval of 
40—60 minutes during the post-absorptive period. Nine sets of 
determinations were made in each experiment. 

The blood alcohol analysis was carried out according to the 
micro method of Widmark (1932), and the result expressed in 
o/do = mg alcohol per gram blood. 

Calculation of /S and Co was made according to the method of 
least squares (Widmark 1932) or more easily according to Fisher 
(1936). In sonae cases the standard errors of and Co were also 
calculated (Bernhard and Goldberg 1935). If the blood alcohol 
samples are taken at regular intervals during the post-absorptive 
period, the calculations can be considerably simpHfied.^ 

As the first value for /5 calculation the determination 120 — 150 
minutes after alcohol ingestion was taken. 

Test subjects: The subjects belonged to three main groups accord- 
ing to their alcoholic habits and degree of habituation to alcohol. The 
division in groups was made previous to the alcohol experiments. 

A. Abstainers (A), eleven in all. They had never or only once 
or twice a year taken alcohol. They were mostly students and 
served for four control experiments and thirteen alcohol ones 
(part III). The alcohol dosage in this group was 0. 63 — 1.0 g alcohol 
abs. per kg. 

B. Moderate drinJcers (M). This group comprised twenty-five 
subjects, who used alcohol in moderate doses. Their alcoholic 
habits varied from taking small quantities of alcohol occasionally 
when offered, to taking it rather regularly up to one to two hters 
of potato brandy a month. They came from all social classes; of 
the seventeen who served for the experiments in part I, fourteen 
were students. With this group forty experiments in all were made, 
nine preliminary, eight control, and twenty-three with alcohol. 
The dosage was 1.0 — 1.42 g ale. abs. per kg. 

0. Heavy drinhers (H). These subjects, fourteen in all, were 
used to taking large quantities of alcohol, i. e. ^ 4 — ’/s litre Swedish 
potato brandy daily or almost daily. Of the ten subjects who 
served for the experiments of part III, three were highly educated 
people, and the others workmen of varying education. Three were 

^ The author is indebted to E. Barany, M. D., Upsala University, and 
Civ. ing. G. Schackne, Stockholm, for their suggesting a practical improve- 
ment of the original formulae. 
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alcoliolic addicts in the medico-legal sense, being under the super- 
fusion of the Swedish Temperance Board. No one complained 
of any disturbances due to alcohol consumption or had received 
medical treatment in a hospital. The dosage of alcohol was 1.2— 
1.41 g ale. abs. per kg body weight. 

Ex'perimenial series: The experiments consisted of two series, 
a preliminary and a final one. 

A. The ‘preliminary series (June 1939 to May 1942) was made up 
of tentative experiments on aU three groups during which 
different methods were tested on their reliability for alcohol experi- 
ments. The results of the blood alcohol analyses (16 exps) are in- 
cluded in the discussion on blood alcohol. The results of the tests 
were not included. 

B. The fmal series (June 1942 to March 1943) was carried out 
according to the principles described, and comprised fifty-seven 
experiments in all. In nine of these experiments (summer series 
1942) slight variations were made before the final technique 
was adopted. Only one basal value was made in these experiments 
prior to the alcohol ingestion. Further the distance between glass 
tube and eye in the corneal test (p. 39) was varied from subject 
to subject, and finally only one finger-finger trial was made at 
each determination (p. 56). As these modifications were shown 
to have no significant bearing upon the results, these experiments 
were included in the averages. 

Methods: In the preliminary experiments eleven methods al- 
lowing of quantively evaluating changes in nineteen different 
functions were tested. For the final series of experiments the 
methods were limited to six, giving consistent values and permit- 
ting quantitative records of eight different functions: 

A. Sensory junctions. 

1. The fusion frequency of the eye to intermittent light 
(flicker test). 

2. The sensiti-vuty of the cornea to air stimuli (corneal test). 

B. Motor functions. 

1. The area of sway while standing = the standing steadi- 
ness (quantitative Romberg sign). 

a. Ordinary Romberg position for 16 sec. 

b. Modified » . » o & » 

2. The area of dotting in the finger-finger test. 
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C. Psychological junctions. 

1. Duration of a series of subtractions (subtraction test). 

2. Apprehension, attention and concentration (Bourdon 
test). 

a. bTumber of letters correctly marked (B C). 

b. Total number of letters read (B T). 

The composition and duration of each set of tests was: 


1. Corneal test 2 — 5 min. 

2. Eomberg test 1 — 3 » 

3. Pinger-finger test 2 — 3 » 

4. Bourdon test 4 » 

5. Blood alcohol sampling 2 — 3 » 

6. Adaptation in dark room 10 — 15 » 

7. Subtraction test 1 — 2 » 

8. Flicker Test 3 — 5 » 


Total 25 — 40 min. 

The Bourdon test was performed in good illumination with 
no outside disturbance. The subtraction test was made in the 
dark room to gain time and to avoid disturbance. 

"When two subjects were examined at the same time, an assistant 
performed the Eomberg, Bourdon and finger-finger tests and the 
author the corneal, flicker, and subtraction tests as well as the 
taking of blood samples. 

Control experiments: In order to investigate the possible in- 
fluence of practice and fatigue on the functions tested, a series 
of control experiments, twelve in all, were carried out. These were 
arranged exactly as the alcohol experiments, with the only ex- 
ception that no alcohol was taken. They thus comprised nine 
complete sets of tests, performed during sis: to eight hours. The 
results were evaluated exactly as the alcohol experiments (p. 16). 

Mathematical Analysis. 

The experiments were arranged in a manner so as to render 
possible a theoretical analysis and a statistical treatment of the 
results as well as their applicability for practical purposes. 

For that reason the first object was to make use of methods 
which allowed of quantitatively evaluating the degree of distur- 
bance by recording or measuring the functions tested. 
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The second object was to apply measuring units which would 
permit of a comparison between the different tests, both with 
regard to their suitability to measure changes in functions under 
normal conditions as well as after ingestion of alcohol. One phase 
of this problem was taken into consideration by performing all 
tests on one and the same indi\ddual (p. 12), thus eliminating 
part of the variability due to heterogeneity of the material. 

The third object was to establish the possible relationship be- 
tween the degree of intoxication and the concentration of alcohol 
in the blood, in a single individual as well as within and between 
groups of indirdduals of differing habituation to -alcohol. 

Evaluation. 

All experiments were evaluated in the same manner. The results 
were expressed partly in absolute units, partly transformed to 
logarithms and related to a basal value by forming the logarithmic 
differences. 

Basal value: The mean of the two determinations prior to 
the ingestion of alcohol served as a basal value. Among the 
advantages of relating a change in a function to a basal value 
were that differences between individuals as well as those in 
one and the same individual from day to day were eliminated. 
Relative units further permit of comparing different tests with 
one another. In the control experiments the mean of the first 
two determinations served as basal value. 

The logarithmic basal values were shown to be approximately 
normally distributed by pro\nng that they fitted the Gaussian 
probability integral. This was made graphically according to 
Bliss (1938, 1939): the log basal values were arranged in order 
of magnitude, their frequency in percentage of the total number 
converted to probability units and plotted against the log 
basal value. The curve becomes a straight line if the values are 
normally distributed. ~ The data were found to agree within 
the range of error with expectation. 

Average logarithmic basal values for a whole grouf of individuals 
were computed as the mean of the individual logarithmic basal 
values. 

Logariihnic difference: All values found were transformed to 
logarithms, and the difference between the logarithm of a value 
found . after alcohol ingestion and that of the basal value was 
termed the. logarithmic difference. 
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Tlie logarithmic difference was used as an expression of the 
degree of s}Tnptoms after alcohol ingestion. Its anti-logarithm, 
multiplied hy 100, expresses the magnitude of a value found rela- 
tive to the basal value. In this case the basal value is equal to 
100 %, and the value found the percentage of the basal value. 
An example will illustrate the computation. 

Ex. 1. The finger-finger test (p. 56) gave as result of a first determina- 
tion an area of dotting of 211 mm-; a second determination, 20 minutes 
later, gave 242 mm-. The logarithms are 2.3304 and 2.3838, and the 
2 3304 2 3 S 3 S 

logarithmic mean — — = 2.3571, corresponding to 227.0 


mm“,* which served as basal value. 

A determination, made 57 minutes after the ingestion of alcohol, 
gave 484 mm^ Its logarithm is 2 . 0848 , and the logarithmic difference 
2.0848 — 2.3571 = 0 . 3277 . The anti-logarithm of [ 0 . 3277 ] x 100 is 
212 . 7 . 

The effect of alcohol on the finger-finger test thus increased the area 
of dotting by log difference 0.327 7 = 212.7 % of the basal area. The 
percehtual increase was 112.7 %, as the basal value was equal to 100 %. 


The use of the log difference instead of a percentage difference 
has several advantages, one being that this way of computation 
may be applied to increasing as well as to decreasing values. An 
example applied to the Bourdon test will show this. 


Ex. 2. Two trials prior to the taking of alcohol gave as result, that 
the number of letters correctly marked in 4 minutes (p. 69) was 
93 and 101 letters respectively. The log basal value was 


1.96S5 -f 2.0043 
1 = 1.9SG4. 


Its anti-logarithm = 96.9 letters. 


A new trial 113 minutes after the alcohol ingestion gave only 50 
letters. The log difference = l.c 990 — 1.9SG4 = — 0.2874. The anti- 
logarithm of [ — 0.2874] X 100 = [0.712G — 1] X 100 = 51. c %, cor- 
responding to a decrease of 48.4 %. 


Multiplying or dividing the absolute values does not change 
the logarithmic difference, a property common to logarithms and 
percentages. With respect to e. g. the Bourdon test this means 
that whether the number of letters correctly marked per 4 minutes 
or per 1 minute is taken as unit, the same logarithmic or per- 
centage difference is obtained. 


* Tho arithmetical mean is 228.0 ram", which shows that there is no essential 
difference between the logarithmic and the arithmetical mean as far as the 
original values do not differ more than 10 to 20 % from each other; the difference 
between the arithmetical and the log mean then is only 0.1 — 0.46 

2—431280 
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A characteristic feature of the logarithmic difference which 
distinguishes it from percentage values, is that the inverse function 
of the absolute values onl}^ changes the sign of the logarithmic 
difference and not its magnitude. This is one of the reasons 
why logarithms and log differences have been applied in biological 
work, e. g. concerning potency of drugs etc. (Burn 1937). 
The example with the Bourdon test will serve to illustrate this. 


Ex. 3. The inverse value of the number of letters correctly marked 
in 4 minutes means the time necessary to mark a single letter. 
Using the same figures as before (ex. 2), the two trials prior to alcohol 
ingestion, when evaluated as min/letter, gave O.04.S0 and O.osoc minutes 
per letter respectively. The log basal value is 
_logO.01304-logO.039C _ [0.G33C 2]-f [0.5977 — 2] _ __ 

. ) O < wj. 


Its antilog = O.o 4 127 minutes per letter. 

The value after ingestion was O.oso minutes, its log[0.903i — 2]. 
The log difference [O.oosi — 2J — [0.cio7 — 2] = [0.2874], Its anti- 
log = 194. s %, which means an increase of the time per letter of 94. s %. 
The inverse value of the absolute figures thus only shifts the sign of 
the log difference from — to -f- without changing its numerical value, 
whereas the percentual value changes from a decrease of 48. 4 % to 
an increase of 94.8 %. 


Logarithmic Variance. The log variance (log V) or its square 
root, the log standard deviation (log a), was computed from the 
logarithmic differences according to current formulae (Gaddum 
1932, Burn 1937). 


S {x — xY 
01 — 1 


( 1 ) 


where x — a value found 
X == the mean 
07 — the number of terms. 


S {x — xY computed from the formula 

['5(a;)]= 


8 {x — xY — '5 (a:-) 


n 


. . .(2 a) 


For log differences formula (2 a) becomes 


S (x - F)= = 8 (log* diff.) — . . (2 b) 

n 


log I 
log a = -f 


8 (log* diff.) 


[>S(log diff.)]! 


. (3 a) 


V.-4' 


8 (log* diff.) 


[/S (log diff.)]* 


n 


I - (3 


b) 
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The conversion of a logarithmic variance to its anti-logarithm 
gives the standard deviation expressed as percentage of the mean 
which implies a greater positive than negative standard 
deviation. For values of o-jj exceeding 30 — 10 %, the difference 
becomes considerable (cf ex. 2 and 3, where the diff. in percentage 
is due to the same phenomenon). (See table 5, column 2.) On the 
other hand logarithms always ought to be applied for computing 
the variance in biological work, when the standard deviation 
exceeds 10 — 15 % (Gaddum 1932, Burns 1937). 

Cochran (1938) has derived a formula for approximate trans- 
formation of the logarithmic variance (log V) or standard devia- 
tion (log a) to a percentual standard deviation (a%). 


= 230.26 X V log F (4 a) 

= 230.26 X log <7 (4 b) 


This formula gives values which agree satisfactorily when the 
percentual standard deviation does not exceed 30 — 10 %. 

From a practical point of view the computation of the standard 
deviation in logarithms or percentage renders the comparison of 
the variances of different tests possible (table 5). 


Variability. 


a) Of a single determination. The variation of a single determina- 
tion {af) was ascertained from the differences {dj) between the two 
determinations prior to the ingestion of alcohol. First the log 
stand, deviation of the differences {a^ ) was calculated by means 
of formula (3 b), and then log a, according to current formulae 
(Dahlberg 1940) 


O', 


V2 


(5) 


b) During the day. The variability of a test during a whole 
*1^7 (o'd) ■'i'’as ascertained from control experiments (p. 15), which 
were evaluated as follows: The mean of the first two determina- 
tions served as a basal value, and the subsequent 7 values were 
related to this by being transformed in logarithms and the loga- 
rithmic difference (log diff.) computed (p. 16). log a,i was calcu- 
lated according to formula (3 b), n being 8, and according 
to formula (4 b); 
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c) From day to day. The variations in one and the same indi- 
\'idual from day to day (cr^-^) vere computed from the differences 
(cf,) between the basal values on two different days in one and the 
same indh’idual according to formulae (3 b) and (5). 

d) Between individuals. The variability between different 
indiwduals (Cf) was ascertained from the standard deviation of 
the basal values {v) of a group of normal individuals. 



As all these variances, and standard de\dations, were loga- 
rithms, they were directly comparable to each other both for one 
and the same test between individuals as well as between different 
tests in one and the same individual. For comparison the log 
standard deviation was also transformed in percentage by means 
of formula (4 b). 

e) After alcohol ingestion. A preliminary calculation by analysis 
of covariance proved that the deviations of the values were 
greater after alcohol ingestion than under normal conditions (pp. 
60, 65), and increased vdth increasing blood alcohol concentra- 
tion. The logarithmic variance proved to be rather constant. 
This means that the percentage error did not change with the 
taking of alcohol. 


Average Curves. 

Control Experiments. 

Average curves for a whole group of subjects were obtained 
by adding the log differences of every determination vuth their 
sign, dividing them by the number of individuals and plotting 
the averages against time (■— ■ in figs. 6, 8, 10, 11, 14, 15 
17 and 18). 

Alcohol Experiments. 

a) Logarithmic mlues. The indmdual logarithmic differences 
were plotted against time to show the course of into.vication in the 
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individual. Two examples of indi^^dual graphs are given in figs. 5 
and 13. 

Smoothed average log difference curves for a whole groiij) of 
individuals were obtained as follows: For ever}’" individual the 
logarithmic differences were read from the indi^ddual graph at an 
interval of 20 min., all values per 20 min., per 40 min., etc. being 
added, the sums divided by the number of individuals, and the 
averages plotted against time, giving an average curve (• — • 
figs. 6, 8, 10, 11, 14, 15, 17 and 18). 

That manner of graphical smoothing gives a clear view of the 
course of intoxication and will not change the principal features 
of the average curve, c. g. will not turn an exponential curve into 
a straight line, etc. 

b) Absolute values. Smoothed average absolute curves were 
computed by adding the average log difference per 20 min. to the 
average logarithmic basal value (p. 16) and plotting the anti- 
logarithms = the average absolute value, against time ( x — X 
figs. 6, 8, 10, 11, 14, 15, 17 and 18). 


Kelationsliip between Symptoms and Blood Alcohol. 

Average Curves. 

a) Decreasing 'part. In order to estabbsh the possible relationship 
between the degree of a symptom and the blood alcohol con- 
centration the average log differences were plotted against the 
average blood alcohol curve. This was done for all functions tested 
and within the three groups, abstainers, moderate drinlcers and 
hea^y drinkers (figs. 20 — 28). 

The following principles were applied: 

The relationship was first computed for the decreasing part 
the first value being that 20 min. after the blood alcohol maximum. 

The average log differences were fitted by a straight line, the 
regression line, calculated from the average values by the method 
of least squares by means of ordinary formulae; the probability 
(P) that the regression lines coincide -with regard to means and 
slope, was estabbshed by analysis of covariance (Snedecor 1938, 
Bonnier and Tedin 1940). 

To test the validity of fitting the data of log differences by a 
straight line Snedecor’s test (1938) of deviation from, linear 
regression of group values was applied. The deviations from 
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linear regression 


S{y-Yr 

h — 2 


tbe groups 


S{y - y) 

‘n — h ’ 


were compared with the error within 


where n = the total number of variates, and 
h = the number of groups. 


The result indicated no more than random sampling departure 
from linear regression (P being > 0.2). The fitted regression lines 
thus lay well within the range of experimental error, and gave 
an approximate expression of the relationship between the de- 
crease in the degree of symptoms (expressed as log differences) 
and the blood alcohol concentration. 

The concentration of alcohol which corresponds to the inter- 
section between the regression line and the a:-axis, expresses the 
blood alcohol level at which the symptoms have disappeared 
and the function tested returns to normal. This level was termed 
the disappearance threshold for the symptoms. 

Values for average thresholds, slopes and probability of coin- 
cidence are given in tables 6 and 11. 

b) Increasing part. Owing to the few log difference values of 
the increasing part of the curve, — generally only one or two 
determinations were made during the first hour — the regression 
lines for that part of the curves were fitted graphically for a normal 
group. 

The point of intersection between the regression line and aj-axis 
in this case means the blood alcohol level at which the functions 
tested begin to deviate from normal, i. e. to show beginning dis- 
orders. This level represents the appearance threshold for the 
symptoms, and the values are given in table G. 

Individual Curves. 

Besides being plotted against time, the individual log differences 
were also referred to the individual blood alcohol curve (e. g. figs. 5 
B and 13 D). These diagrams, from which the individual 
regression lines were graphically computed, were drawn in every 
experiment. The mean of the individual threshold values and their 
variability is given in table 12. 

Figs. 13 C and D also illustrate the difference in relationship 
between plotting absolute values and log differences against 
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blood alcohol. In fig. 13 C the relationship between absolute 
values and blood alcohol is an exponential curve, whereas plotting 
log differences gives a straight line. The advantage of using loga- 
rithms for graphic computation of threshold (p. 21) and slope is 
evident. 


The Blood Alcohol Curye in Fasting 
Indiyidnals. 

The principles for the occurrence of alcohol in the body after 
administration were introduced by Grehant (1895) and Nicloux 
(1900), who assumed its distribution to follow the laws of 
diffusion. This has been quantitatively proved as regards most 
body fluids; mine: Widmark (1916), mill: Glow (1923), cerebro- 
spinal fluid: Abramson and Linde (1930), Mehrtens and New- 
man (1933), Goldberg (1937 a, b), saliva: Linde (1932), sxveat: 
Nyman and Palmlov (1936), aqueous humour (Berggren, 
unpublished). Finally absorption of alcohol from the stomach in 
cat and man was shown to be a pure diffusion process (Berggren 
and Goldberg 1940). 

The magnitude of the distribution ratio of alcohol for the 
various tissues after completed absorption depends on their con- 
tent of fat (Carpenter 1929) and w'ater (Nicloux 1934, Nicloux 
and Gosselin 1934). 

The disappearance of alcohol from the body is due to com- 
bustion in the liver to 90 — 97 % (Batelli and Stern 1910, 
Hirsch 1916, Fiessinger et al. 1936, Lundsgaard 1937, 1938 
a, b), and only to 3—10 % (Atwater and Benedict 1902) to 
elimination by urine, (Widmark 1916), by expired air (Lilje- 
STRAND and Linde 1930), and by sweat (Nyman and Palmlov 
1936). 

The course of the blood alcohol curve during the post-absorptive 
period was shown to be rectilinear (Mellanby 1919, Widmark 
1930); and Widmark introduced the term for the rate of dis- 
appearance of alcohol from the blood, and r for the distribution 
ratio between the body and the blood alcohol concentration. 

Teorell (1937 a, b) derived formulae for the calculation of 
the resulting concentration in the various tissues of a drug after 
administration, assuming distribution to be a diffusion process. 
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The apparent rectilinear course of the blood alcohol curve might 
be explained as the resultant of a series of exponential processes: 
diffusion, elimination etc. 

Haggard and Greenberg (1934) claimed absorption in dogs 
to last from 3 — 6 hours, and the blood alcohol curve to be expo- 
nential for that reason. Their results could not be confirmed 
by administering the alcohol intravenously in man (Fleotng and 
SxoTZ 1936) and in dogs (Newman and Cutting 1936 a). 

Fiessinger et al. (1936) and Lundsgaard (1937, 1938 a, b) 
in experiments on liver perfusion clearly proved alcohol to be 
metabolized in the liver at a constant rate; the combustion 
in the resting or working muscle was negligible (Nyman and 
Palmlov 1934, Lundsgaard 1937, 1938 a, b). Bernhard and 
Goldberg (193.5) by the method of least squares proved the 
rectilinear curve to have the least error. Moreover Widmark 
(1932) and Neymark and Widmark (1936 b) showed the factor (i 
to be constant, when the administration of alcohol was repeated 
at regular intervals, which discredits an exponential curve. Thus 
the apparent rectilinear course of the blood alcohol curve is most 
likely the expression for the constant metabolic rate of alcohol 
in the liver. 

Luth (1939) proved /? to vary less among monozygotic than 
among dizygotic twins, indicating its connection with genetic 
factors. ScHGNHEYDER ct al. (1942) proved to vary more from 
day to day in one and the same individual than the experi- 
mental error. For practical reasons the conception’ of the recti- 
linear course of the blood alcohol curve has proved useful and was 
accepted by a great number of observers for the blood alcohol 
curve in normal individuals: Graf and Flake (1933), Jltng- 
MiCHEL (1933), Fleming and Stotz (1935, 1936), Schmidt (1937), 
Flbel (1937), Newman and Lehman (1937), Vasiliu, Popovici 
and Bozariu (1939). 


lixpcriinents. 

The general course of the blood alcohol curves in this material 
coincided completely m'th that reported by other workers (p. 25); 
a rising part, with a more or less marked maximum, sometimes 
amounting to an absorption peak (Bernhard and Goldberg 1935), 
the falling part, first at a higher rate, corresponding to the distri- 
bution phase, and then at a constant rate, corresponding to the 
post-absorptive combustion phase. 
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The dosage varied between 0.65 and 1.42 g per kg. 

/? was 0.00223 0. 00006 (25 experiments), a being 0.000306 

0 / 

/ 00 « 

r was 0.714 i 0.0112, a being 0.056. 

The combustion rate (/3 X y X 60) was 96.6 mg alc/kg/hour 
4; 3.34, a being 16.7 mg. 

. The blood alcohol maximum occurred after 86.0 min. + 5.25 
(32 determinations); o was 29.3 min. 

These figures coincide completely with those previously published 
for normal individuals, pro^dded the alcohol was taken on an 
empty stomach (WimiAEK 1932, Bernhard and Goldberg 
1935, Schmidt 1937). 


Vomiting. Vomiting may modify the blood alcohol curve in 
several ways, depending on its occurrance in relation to absorp- 
tion. If it comes on during absorption, previous to the maximum, 
it is said to be preceded by a standstill in absorption and followed 


/=} B 


Fig, 2. The influence of vomiting on the blood alcohol. 
— Blood alcohol. i Vomiting. 



by an increased rate (Elbel 1937). The findings, illustrated in 
fig. 2 A, might be interpreted as follows: the vomiting caused a 
standstill in absorption, and an evacuation of part of the ingested 
alcohol. Then absorption continued again, causing the slight in- 
crease after the last vomiting; after completed absorption the 
curve turned into the rectilinear falling course. 

In the case illustrated in fig. 2 B, the absorption must have 
been nearly completed, as the vomiting, _ occurring 124 minutes 
after ingestion and 32 minutes after the absorption peak; did not 
alter the rectilinear course of the post-absorptive part of the blood 
alcohol curve to any noteworthy degree. — This experiment 



26 


LEONARD GOLDBERG. 


clearly contradicts the conception of Haggard and Greenberg 
(1934, 1941) that absorption lasts for 3 — 6 hours, and that the 
blood alcohol curve is exponential. 


Tabic 1. 

The Influence of Vomiting on the B ood Alcohol Curve. 


Case 

Vomiting in Relation to Blood Alcohol 
Maximum 

Rate of 
Dis- 
appearance 

Distribution 
Ratio (r) 

I 

Daring maxiranm 

0.00177 

0.948 

II 

After > 

0.002C3 

1.27G 

in 

» 5 

0.00218 

1.148 

IV 

> J , 

0.0019S 

0.950 

■ V 

1 

> > 

0.00173 

0.955 


Mean 

0.00205 

1.055 


Any influence of vomiting on the metabolic rate was not 
found, as compared with /? of the normal material (table 1). The 
distribution ratio r became higher, due to part of the alcohol 
administered being evacuated by the vomiting and thus never 
being absorbed (Cf. food p. 88). 






A. The Effect of Alcohol on Sensory Functions. 

1. The Fusion Frequency of the Eye 
to Intermittent Eight. 

The retina has aroused much interest in studies concerning the 
functions of the central nervous system, as the retinal synaptic 
layers -work as other synapses, their activity being accessible to 
quantitative measurements also in man. 

Investigations have been made on the* effect of alcohol on visual 
acuity, perimetry and dark adaptation. The visual acuity decreased 
after taking alcohol (Miles 1924, Powell 1938). Moeller and 
Becker (1939) found a slowing of dark adaptation at concentra- 
tions of 0.97 to 2.36 °/o(, alcohol in the blood, while no changes 
were noted in visual acuity nor in visual fields. Colson (1940) 
was not able to prove any appreciable changes in visual acuity, 
wsual fields, colour vision nor dark adaptation. 

Extensive experiments by Granit et al. (1930, 1934, 1936), 
Hecht et al. (1934 a, b) and Crozier et al. (1937 — 41) on the 
fusion frequency of the eye to intermittent light, have shown 
this function to be suited for quantitative evaluation. Eubin- 
STEIN and Therman (1935) made some experiments which indi- 
cated the fusion frequency to be influenced by alcohol [pers. 
comm, to Granit, quoted from Bernhard and Skoglhnd (1941)]. 
Eecently Bernhard and Skoglhnd (1941) showed the fusion 
frequency in man to decrease by 10 — 12 % after ingestion of 
100 — 150 cc of 40 % alcohol. On the basis of their experiments 
the flicker method was assumed to be suitable for quantitative 
measure of the alcohol effect on the activity of a higher nervous 
centre, above all of the interaction in the retina. It was primarily 
decided to use a constant flicker frequency and to ascertain the 
brightness of light necessary for fusion, which is the principle 
of the flicker method as used in photometry. 
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Experiments. 

Technique. 


The apparatus used was hased on the principles given by 
GRA^^T and Harper (1930) for the determination of the fusion 
frequency of the eye to intermittent light. The device is seen 



Fig. 3. Device for detcnninatioa of fosion frequency of the eye. 
(Explanation see text.) 


A 100 W Kino lamp of 220 V D. 0. (19) was used as a light 
sotirce, focused by means of two lenses (16. 17) onto a neutral 
wedge (14), and then projected onto a ground glass (3), which was 
covered by a cardboard (4) with a circular hole (5) in it, L7.') cm 
in diameter. The brightne.ss of the light was kept constant by 
means of two variable rheo.stats coupled in parallel (20, 21) and 
controlled by an Ammeter (11) and a Luxmeter before and after 
each e.vperirnent. The intensity could be varied by means of a 
series of Wratten neutral filters (12, 1.3) differing 0.10 in den.sity 
from each other, together with a variable neutral wedge (14) for 
fine adjustment, covering a range from 0.00 — 0.25, and allowing 

• The author i-! indebted to the phyaicist at the Neurophysiological Laboratory 
of the CaruliDu luFtuute, 3Ir T. llKtME, for \alnablc help vith the apparatus. 
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a reading of densities of ± 0.0017. Tlie ivedge was protected from 
lieat radiation by a Uropunctal glass [Zeiss 40] (15). It was 
calibrated by measuring tbe transmitted illumination at 7 points 
along its length by means of a Luxmeter, each point being the 
mean of 6 determinations. The relation between log intensity 
transmitted and distance along the wedge was found to be linear 
(fig. 4 B), 





j JO ' ts ' ts ns mnrt 


Fig. 4. Calibration curves. 

A. Voltmeter: Volt to liasbes/see. 

B. Neutral wedge: mm of scale to log intensity. 


The flicker was produced by a disc (6) with two symmetrical 
opaque sectors of 90° each rotating in the beam and directly 
attached to the axis of a Weston electric tachometer. The 
tachometer was connected with a Voltmeter (10) calibrated 
against the alternating current of the mains recorded by a 
cathode ray oscillograph. The relation between cycles per sec. 
resp. flashes per sec. and the voltage generated was linear 
(fig. 4 A). The Voltmeter permitted a reading of ± 0.03 V, 
corresponding to 0.02 flashes per sec. The disc was rotated 
by means of a Singer sewing machine motor (8) coupled according 
to fig. 3, the rate of which was kept constant within i 0.1 cycles 
per sec. Its speed was varied by means of a variablerheostat (9). 

The subject (1) sat in front of the glass screen with his head 
in a firm head- and chin-rest (2), viewing the light beam binoc- 
ularly at a distance of 50 cm, thus seeing the diaphragm under 
a visual angle of 2°. 

In order to maintain a constant state of adaptation the experi- 
ment took place in a dark room, lit by a 40 W lamp placed 
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behind and over the subject. The subject was left in the dark 
room facing the screen for 15 to 20 minutes before each expe- 
riment. 

The ]uiditne.=:5 of the background and of the area illuminated, 
as veil as the time of the exposure were kept constant through- 
out all experiments, each exposure being determined by a Corn- 
pure shutter set at 1 sec. Only central fixation was used, the 
subject %-iewing a cross, drawn with a pencil in the centre of the 
light patch. 

The flicker frequency was generally kept constant at the rate 
of forty flashes per sec, and the intensity was varied in order to 
produce fusion. In some experiments the intensity of the light 
was kept constant and the critical flicker frequency was deter- 
mined. 

Each final value was based on fifteen to twenty readings and 
was the arithmetical mean of the final six readings made over and 
under the brightness necessary for fusion or the critical frequency 
for a given brightness, dependent upon the method chosen. 

Evahtalion: In the experiments with flicker of constant fre- 
quency and variable brightness, the intensity was expressed as 
the negative logarithm of the sum of the filters at the point 
of fusion, this being the sum of the Wratten neutral filter and the 
setting on the wedge. — In the experiments with constant 
intensity and variable flicker frequency, the frequency was ex- 
pressed in flashes per sec., read from the calibrated tachometer. 

Eesults. 

Basal values. 

It was important to maintain standard conditions in order 
to obtain consistent values, as variations in area, time of 
exposure and state of adaptation, involve changes in the func- 
tions to be studied, i. e. the fusion frequency and the intensity 
(Crozier, Grakit, Hecht, a. o.). The conditions used were: 1 sec. 
of exposure, central fixation, a visual angle of 2°, and a state of 
constant adaptation, as advised by Grakit (1936), The binoc- 
ular fi.xation involves a slighter scatter of the observations than 
the monocular (Crozier and Wole 1941), the difference being 
1 : 12 . 

The flicker method requires co-operation on the part of the 
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subject as it is a discrimination test. Tbe subject must understand 
wbat be bas to do and must not change bis criterion of fusion or 
fbcker during tbe experiment. With 2 subjects out of 37 no con- 
sistent values were obtained, probably due to tbis circumstance 
(cf. p. 33). 

It was observed that a lower brightness was needed for 
fusion when passing from fbcker to fusion, than when passing 
from fusion to flicker, probably corresponding to changes in the 
two thresholds. The same has been observed by Crozier and 
Wole (1941). A mean value was arrived at by taking the arith- 
metical mean of the six to eight final readings on each side of 
the threshold. 

Brightness for fusion: In 29 normal subjects the log brightness 
for fusion at a constant flicker frequency of 40 flashes per sec 
was determined under normal conditions (p. 12) and found to be 
2.681 ± 0.0777. 

The variahility under var 5 ’ing conditions (table 6) was ascertained 
according to the principles already described (Math, analys. p. 19). 

The log variation of a single determination {a,) was 0.0355, 
corresponding to a coefficient of variation of 8.82 % (23 double 
determinations on 23 subj.) 

The variation during the day (cj) was calculated from 12 control 
experiments (p. 15) on 12 subjects, where the test was repeated 
9 times in 6 — 7 hours. The log variation was 0.0569, and the coef- 
ficient of variation 13.10 %. The slight increase in variation as 
compared with (a,) will be due to the influence of fatigue. No 
significant changes in the log brightness for fusion, due to practice 
of fatigue, were seen during the day (fig. 6 ■ — ■). 

The variation from day to day (cr^j^) in one and the same in- 
dividual was ascertained in 30 experiments on 13 subjects, each 
subject serving for at least two experiments on different daysj 
the variation was calculated from the difference in basal value 
between the two days. If a person had carried out several experi- 
ments, the mean of the differences was used for the computation. 
— The log variation was 0.0768, corresponding to a coefficient of 
variation of 17.68 %. 

The basal values were proved ^aphically (Bliss 1938, 1939) 
to be approximately normally distributed, and the log varia- 
tion between individuals (ffj) was 0.4184. The transformation of 
the logarithmic stand, variation to a coefficient of variation 
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according to Cochran (1938) cannot be performed for reasons 
alreadv stated (p. 19). In this case the transformation must be 
made into anti-logarithms. The coefficient of variation was 
-f 162.1 % for basal values higher than the mean and — 71.8 % 
for values lower than the mean. 

Crilkal jlicher freqiicnaj: When using the flicker frequency as 
a variable factor the variations in the speed of the motor sometimes 
gave the subject a hint as to how to make his readings. An intelli- 
gent person soon learned that fusion occurred when the speed was 
increased and flicker when it was lowered. The correlation be- 
tween brightness and flicker frequency on the other hand was 
very seldom detected. Moreover, the intensity permitted ac- 
curate reading of densities of the order of A 0.002, whereas the 
flicker only permitted a reading of 0.02 flashes per sec. — Out 
of reasons to be stated (p. 37) only a few experiments, on 6 indi- 
\’iduals in all, were performed to determine the critical flicker 
frequency. The variability during the day, determined in control 
experiments on two subjects, was ± 0.227 and 4; 0.370 flashes 
per sec. 

Jidaiion hcUceen critical jlicher frequency and intensity. Perry 
( 1892) and Porter (1898, 1902) found the relation between fusion 
frequency and log intensity to be approximately linear. The 
frequency rose with increasing intensity. For lower intensities 
the curves shift to a more horizontal course, as also at very high 
inten.^itics. 

The Ferrj’-Porter law for the relationship between critical 
fusion frequency and log intensity thus states that 

F = a-f b log I (7) 

where F = flash frequency per time unit 
I — intensity of light 
a = constant (the ordinata at origo) 
b = regression coefficient (the slope of the bne). 

The Ferry-Porter law is sufficiently accurate for most practical 
pur])oses as foxmd, for instance, by Granit and Harper (1930). 
These ob.servers confirmed the validity of the Ferry-Porter law 
between 25 and 50 flashes per sec. i. c. the linear relationship for 
flash frequency and log intensity, with varying area and central 
,'ind peripheral fixation. Beyond that range their curve.? too tended 
to follow a more horizontal course. 
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Hecht et al. (1934 a, b) developed a formula, tlie stationary 
state equation,' vrHcli fitted tlie data of flicker frequency in man 
for tke vrkoie range tested. Crozier (1937 a) stowed that these 
data could as well be fitted by a logistic or a probability curve. 
In the experiments to be described below the flicker frequency 
for the standard intensity varied maximally between 28 and 40 
flashes per sec due to the effect of alcohol as well as casual 
variations. The Ferry-Porter law was therefore applied to these 
data in order to express the relationship between flash frequency 
and intensity. 

The constant b was determined in 29 experiments under normal 
conditions and was lO.o. This value agrees well with those pre- 
viously given by other observers on normal subjects. From the 
curves of Granit and Harper (1930) with central fixation, the 
values of 10.5 to 14.5 can be read off. Eubinstein and Therman 
(1935) found a value of 10.?», and Crozier ct al. (1937 c) values 
between 10.4 and 12.0. 


Alcohol Experiments. 

The taking of alcohol implied an increased strain on the sub- 
ject in the discrimination between fusion and flicker. In most cases 
the experiments could be completed with only few exceptions, 
5 experiments ha\nng to be discarded, because no consistent values 
could be obtained. This occurred more frequently after alcohol 
than under normal conditions (p. 31). One of the reasons 
for this is that already described, viz. the inability of some sub- 
jects to maintain constant criteria for their discrimination. This 
inability was accentuated after alcohol ingestion. 

Another reason is the presence of an alcohol nystagmus, which 
generally appeared at concentrations of alcohol in the blood 
of over 0.7 to 0.8 "/oo (unpublished) and usually only in periphal 
fixation. At higher blood alcohol concentrations or in especially 
sensitive subjects the nystagmus also appeared in central fixa- 
tion. This often made the fixation of the centre of the illumi- 
nated area impossible. The nystagmus was in certain cases so 
intense that the flicker test elicited vomiting. 

Another observation supports the assumption that the alcohol 
nystagmus may be of significance. A subject with a pronounced 
nystagmus even under normal conditions could well pass the 
fusion frequency test. Some time after alcohol ingestion at a blood 

S—4312S0 
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alcohol concentration of 1 "jm, when a very frequent alcohol 
nvstaf'nius was added to his normal nystagmus, he failed to 
cooperate. 

Brightness for fusion: When the flicker frequency was kept 
constant the intensity needed for fusion increased with increasing 
blood alcohol and decreased vith the lowering of the blood alcohol 
level in the post-absorptive phase. Generally this symptom returned 

/I 

•f 
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Fig. 5. The flicker test. 

Variations in brightness for fusion and fusion frequency in alcohol intoxication. 
5. 2, 43. Exp. 8 A. 1.0 g alcohol per kg. 

A. Symptoms plotted against time. 

B. Symptoms plotted against blood alcohol 
Blood alcohol. 

• • Brightness for fusion. 

Q O Fusion frequency. 

O — O b = Flashes per sec/log intensity. 


to normal before the blood alcohol reached zero level. A typical 
experiment is illustrated in fig. Ty A, and an average curve, being 
the mean of 10 experiments on 16 subjects, is given in fig. 6. 

When log brightness was referred to the prevailing blood alcohol 
concentration, an approximate straight relatiomship was found. 
This is illustrated in fig. 5 B (• — •) and in fig. 21 (• — •) for 
the decreasing part of the symptoms. 

This relationship implies that there seems to exist a threshold 
value for the symptoms. The appearance threshold means that 
blood alcohol concentration, at which symptoms begin to appear. 
The di.sappearance threshold means that concentration of alcohol 
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in tte blood at which the symptoms disappear and return to nor- 
mal. The appearance threshold was computed graphically (p. 22) 
and was 0.54 «/oo.. the disappearance threshold was calculated from 
the regression line (p. 22) and was 0.53 “/no (table 6, cols. 1— -3). 

S/coa^ /^/coho/ 



Changes during alcohol intoxication. Mean of 14 experiments. 

Blood alcohol curve. 

g — g — gi Deviations in control experiments (Mean of lH experiments). 

0 — 0 — ^ Change after alcohol ingestion. 

The slopes of the regression lines for the increasing and decreasing 
symptoms practically coincided; only the slope of the decreasing 
regression line was calculated (p. 21) and was 0.3596 (table 6 , 
col. 5). By means of the regression line the degree of intoxication 
at a given level can be calculated, at 1 “/oo alcohol in the blood for 
instance, it was 151 % (table 6, col. 7) of the normal, that Avas 
termed 100 % (p. 17). 

Critical flicher frequency: In some experiments, nine in all, the 
flicker frequency Avas used as the variable factor and the intensity 
of the light Avas kept constant. A typical experiment is illustrated 
in fig 5. 

In fig. 5 A, the log intensity and the flash frequency per sec. 
were plotted against time. The flash frequency decreased with 
increasing blood alcohol, it reached its minimum someAA'hat later 
than the blood alcohol maximum, and then increased Avith the 
fall, to reach its original value before the blood alcohol had re- 
turned to normal. 



36 


LEOXAKD GOLDBERG. 


In this experiment the constant b (p. 32), i. e. the relation 
between flash frequency and log intensity, was also determined. 
The value of the constant varied in the same direction as the 
flash frequency, i. e. in an opposite direction to the blood alcohol. 
As only two values for the brightness were used to determine b, 
the changes were not conclusive. 

The two tests, i. e. brightness necessary for fusion and critical 
frequency for a constant brightness, are seen to differ in sensitivity 
and hence in usefulness as criteria in our experiments. This diffe- 
rence is brought out by the follovdng analysis: The variability 
of the test in control experiments (nine determinations) for the 
subject of fig. 5 was for log brightness i 0. 02 7 0 in terms of log units, 
and for the critical flicker frequency ^ 0.227 flashes per sec. 

In fig. o the two functions tested are drawn approximately 
to the same scale. Log int. 0.10 corresponded to 3.7 o xmits 
{a = 0.027) in the log intensity scale and 1 flash unit to 4.4 a 
units (cr= 0.227) This fact is still more emphasized by the ac- 
curacy with which brightness resp. flicker frequencies could be 
read off from the instruments, as pointed out above (p. 28). 

In fig. o A the brightness for fusion (•—-•) showed a maximal 
increase of 0.53 in log units, corresponding to a degree of intoxi- 
cation of 339 % (the normal being termed 100 %) at a blood alcohol 
concentration of 1.27 ®/oo- The critical flash frequency only dimin- 
ished by 2.4 flashes per sec., from 32.6 to 30.2. If the flash fre- 
quency be transformed to log units, the decrease would correspond 
to a degree of intoxication of 108 %. 

The difference in sensiti%dty between the two test methods can 
be demonstrated in another way, viz. from the relationship be- 
tween symptoms and blood alcohol (fig. 5 B). The scales along 
the y-axis were the same as in. fig. 5 A. The x-axis in B means 
blood alcohol concentration in ®/on. 

Three facts are seen from the graph in fig, 5 B. 

1. The disappearance thresholds were about the same. 

2. Tlie sensitivity to changes in alcohol concentration of the 
brightness for fusion is higher than that of the critical flicker 
frequency, the slope of the intensity curve being steeper, and the 
scales comparable. 

3. The variability of the intensity function under alcohol 
influence is smaller than that of the flash frequency, the deviations 
from the regression line being smaller. 
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Tlie same principal findings as described here were confirmed in 
eight experiments on other subjects. 

For routine work Avhere only one of the functions can be tested 
it is no doubt more suitable to use brightness for fusion as a 
variable at a constant flicker frequency, which method was also 
adopted for the Avhole series. 


The electro-physiological basis for the findings stated is eluci- 
dated by experiments on frog reported by Bernhard and 
Skoglund (1941). These authors studied the effect of alcohol 
on the electrical response of the frog’s eye to light, and stated 
that alcohol had a selectively suppressing effect on the isolated 
negative component P III of the electro-retinogram as well as on 
inhibition in the optic nerve. The statements were confirmed on 
the pure cone eye of the tortoise (Testudo), the retinogram of 
which is dominated by the negative component P III (Bernhard 
1942). 

Prom the sensory point of view alcohol acts very much like dark 
adaptation, and Bernhard and Skoglund were able to prove 
fusion frequency to intermittent light in the frog and in man 
(p. 27) to be reduced by alcohol, much as it was reduced by dark 
adaptation in the frog (Granit and Biddell 1934). 

In analogy with the effect of alcohol are investigations on the 
influence of low oxygen tensions. Seitz (quoted from McFarland 
and Halperin 1940) observed at 10.6 per cent Oo a decrease in 
critical fusion frequency for intermittent light. On the other hand 
Eubinstein and Theehan (1935) found hyperventilation to 
lead to increased critical frequencies for flicker, followed by a 
drop below the normal upon cessation of hyperventilation. 

Similar findings were also reported for other functions of the 
eye. McFarland and Evans (1939) reported a rise of the 
threshold for dark adaptation after inhabng 11.7 — 15.8 per cent 
oxygen, and a similar change in visual acuity (McFarland and 
Halperin 1940). Inhalation of air restored normal visual acuity, 
and 100 per cent oxygen produced a slight improvement. Finally, 
McFarland and Forbes (1941) stated that hypoglycemia in- 
duced the same changes in dark adaptation as did anoxia. 


To summarize, the effect of alcohol on the flicker test was shown 
to follow quantitatively the blood alcohol concentration and con- 
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fiisted of an increase in the brightness necessary for fusion 
at a constant flicker frequency, and a decrease in the critical 
fusion frequency at a constant brightness. This is most probably 
to be interpreted as a suppressing effect of alcohol on the compo- 
nent P III of the electroretinogram. 


2. The Sensitivity of the Cornea 
to Air Stimuli. 

It is a well-known fact that alcohol depresses the sensitivity to 
touch and pain in man. 

JIcDocgall and Smith (1920) found an impairment in the 
ability to discriminate taciile impressions on the skin by testing 
the ability to localize two points 2.5 cm. apart: after taking alcohol 
the percentage of errors rose from 24 to 90. 

Dodge and Bexedict (1915)' used faradisation of the finger- 
tips to produce a sensory excitation, increasing the strength of 
the current until the test subject felt fain, when he had to press 
a key. They state that the threshold for eleetrical stimulation is 
raised after moderate doses of alcohol. AVith a method similar 
to that of Dodge and Benedict, Miles (1924), on the other hand, 
observed no conclusive changes in the threshold for pain in two 
subjects. 

Carlson ei al. (1934) used the Frey Reizhaar-technique for 
ascertaining pain sensitivity. They too saw no consistent change in 
the threshold after small quantities of alcohol, corresponding to 
a mean blood alcohol concentration of 0.60 ®/o„. Mullin and 
Luckhardt (1934), however, by employing the same technique 
found a distinct decrease in pain sensitixdty lasting about two to 
three hours after the administration of 300 — 375 cc of a 20 % 
alcohol solution. They observed, moreover, a marked dissociation 
between the tactile and the pain senses, the same dose of alcohol 
being without effect on the tactile sensitivitv. 

Hardy, Wolef and Goodell (1940) used another principle 
to determine the pain threshold. The light of a 1 000 AV lamp 
was focused through an aperture onto the forehead of the subject 
for three, seconds. The intensity of radiation was increased until 
the subject just felt pain at the end of the exposure. The inten- 
sity was ascertained in g cal/sec/cm® by means of a radiometer 
placed in the aperture. After ingestion of 30 to 60 cc of alcohol 
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the pain threshold increased by 30 to 50 % (Wolff, Hardy 
and Goodell 1941). Even these observers emphasized the diffe- 
rence between the tactile and the pain senses. 

Changes in sensitivity thus seem to form part of the influence 
of alcohol on sensory functions. Earlier experiments on animals 
(Newman and Card 1937 a, Goldberg and Stortebecker 1941) 
suggested the sensitivity of the cornea to touch to show variations 
corresponding to the alcohol effect, the blinking reflex used as 
criterion of the effect. These variations were, however, difficult 
to ascertain quantitatively. No quantitative investigations in 
man on the changes of corneal sensitivity due to alcohol seem 
to have been carried out. 

ZwAARDEMAKER and Lans (1899), experimenting on animals 
and man, used a puff of air blown against the cornea as sensory 
stimulus. For the experiments on man to be described the follow- 
ing device (fig. 7) was worked out to prove the suitability of 
applying corneal sensiti^dty as a quantitative measure of the 
alcohol effect. 


Experiments. 

Technique. 

The subject (1) sat with his head in a chin-rest (2) and was 
instructed to look straight ahead and not to blink frequently. 
The air stimulus was directed to the eye of the subject through a 
glass tube (4), firmly attached to the stand of a magnifying tube‘ 
and placed exactly opposite the centre of the cornea by adjusting 
the stand. The distance between vertex comae and the glass 
tube was usually kept constant at 62 mm. This was done by 
setting the cornea [(1) in fig. 7 BJ at one end of a scale (10) in 
the magnifying tube, while the glass tube was set at the other 
end [(4) in fig. 7 B]. The length of the scale corresponded to a 
distance between the glass tube and the cornea of 62 mm by means 
of a negative lense of — 40 D, inserted between the objective of 
the magnifpng tube and the glass tube. 

The pressure was produced by means of an ordinary rubber 
balloon (6) from a blood pressure apparatus, closed by a valve 
(5). The height of the pressure was measured on a methylen 
jodide manometer [(8) Liljestrand and Zander 1928], allowing 

' From Fa. Zeiss, Gottingen. 
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of readings -sritli an error of ±0.5 mm Hg. On releasing the 
pressure by pressing the valve, a puff of air was blown through 
the glass tube onto the eye. 

The strength of the puff of air acting on the cornea will depend 
on the amount of the pressure, the volume of the pressure 



Fig. 7. Device for ascertainment of sensitivity of the cornea to air slimnli. 

(Eip)anation see text.) 


vessel (9), the length and diameter of the rubber tubes (7) coimect- 
ing the glass tube with the manometer, the inner diameter of 
the glass tube, the time needed for releasing the valve, and 
finally, the distance between the glass tube and the eye. 

The total volume of the system: manometer to valve was 
50 cm’, the volume from the valve to the outer edge of the glass 
tube 4 cm’, the diameter of the glass edge 3 mm. By keeping all 
factors constant and only varpng the height of the pressure, com- 
parable values were obtained on one and the same indivddual during 
an experiment. 

The critical vahic was found in the following manner: 

Tlie determination was started by subliminal stimuli so as to 
control that the subject did not react to the possible noise of the 
air puff etc. The height of the pressure was then increased 
tintil the puff of air elicited a blinking reflex. After that the 
pressure was varied with alternating .subliminal and supraliminal 
stimuli. The pressure in mm Hg that gave blinking in four trials 
out of five was taken as the critical value. In all some fifteen 
to twenty readings were made for each determination. 
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The size of the blinking reflex varied somewhat from individual 
to individual. Generally the first apparent beginning of the blink- 
ing of the upper lid was taken as the criterion, and this was kept 
constant in one and the same subject throughout the whole 
experiment. A suitable deflection was easily ascertained by a 
few preliminary trials. 

The criteria described above were kept as standard conditions. 
In an early series of experiments (p. 14) a distance of 20 mm 
was fixed between the glass tube and the cornea, and a glass 
tube with a diameter of 1 mm was employed. In these cases 
the lense had to be substituted by one of — 7 D in order to keep 
the setting on the scale constant. 

Evaluation: The height of the pressure expressed in mm Hg 
was used as a measure of the effect. The logarithmic mean of 
the first two determinations served as a basal value (p. 16). 
The values following after alcohol ingestion were likewise trans- 
formed to logarithms, and the logarithmic difference between 
the value of a trial and the basal value (p. 16) was plotted against 
time and against blood alcohol. 

No experiments were made to calibrate the effect on the cornea 
in absolute units or to study more extensively the possible rela- 
tionship between the height of the pressure and the distance 
and diameter of the glass tube, nor the possible difference 
between the right and the left eye. The right eye was used through- 
out the experiment. 


Results. 

The test was very easy to perform and required no cooperation 
from the part of the test subject. A typical series of readings 
is shown: 

15—18 20 + 22 25 ((I), 28 -f 30 + +. 

Critical value = 25 mm Hg. 

Some people, however, reacted already at six to eight mm of 
pressure, not only with a blinking reflex but with contraction 
of all muscles, so that they almost jumped from their seats. The 
test could not be used in these cases, as no consistent values could 
be obtained, and they were not included in the mean (3 subjects 
out of 37). 

The proof that the method used is a test of corneal and not of lid 
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sensitivity was sliovrn by anesthetizing the cornea. After corneal 
anesthesia no lid reflex could be elicited, only a slow, “wornx-hke” 
mo-vement of the lower lid was sometimes seen. As criterion of the 
corneal sensitivity the blinking of the wp'per lid was therefore 
taken. 

The range of pressure necessary to elicit a blinking, i. e. from 
the first indication of a blinking to an apparent one, varied 
from individual to indimdual. In the majority of cases this 
range was only three to five mm Hg, sometimes it could cover 
as much as ten to fifteen mm Hg. By making a few preliminary 
trials the special reaction of a subject to the puff of air was tested 
and a suitable criterion found. Usually the first blinking move- 
ment of the upper lid was used as a criterion throughout the whole 
experiment. 

The range for 0 to 100 % response of one and the same criterion 
likewise varied from individual to individual. Some tentative tests 
showed the response curve to be approximately a probability 
function. For practical reasons the 80 % response and not the 
50 % was used (p. 40). If the method is to be used for ascertain- 
ing only one value in an individual and not to perform a series 
of tests, it is advisable to ascertain the whole response curve by 
making some thirty to fifty readings at different heights of pressure. 
The 50 % response is then calculated e. g. according to Bliss 
(1938). The range was 10 — 15 mm Hg. 

In one or two of the normal cases an increased flow of tears 
was observed during a trial when more than twenty readings were 
made, which seemed to increase the value of the threshold by about 
5 mra Hg. By making fewer readings, about ten in these cases, this 
source of error was eliminated. No irritating dryness of the cornea 
was observed. 

In a few cases it was seen that the threshold changed after 
some reading.s. It seemed as if the subject “inhibited” his reaction, 
the threshold being increased by five to ten mm Hg. Even this 
reaction was ca,sily found out by the preliminary trial, and during 
the experiment the same number of readings was always used. 


Basal Values. 

Basal values were determined in 18 .subjects with the standard 
technique and were 29.9 mm Hg. The mean log basal value was 
1.47f> i 0.04.'>8 (table .5). 
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The log variation of a single determination (a,) was ascertained 
from 30 double determinations and was 0.0333, corresponding 
to 2.29 mm Hg or 7.66 % of the mean. 

The log variation during the day (oj was determined from 
12 control experiments and was 0.04276, corresponding to 2.94 
mm Hg or 9.S4 %. No influence of practice nor of fatigue was 
seen (fig. 8 

The log variability from day to day was determined in 15 
experiments on 7 subjects, i. e. in 8 double experiments, and 
was 0.0343, corresponding to 2.37 mm Hg, or 7.9 %. 

Finally the log variation between individuals (18 subjects) was 
0.1943, corresponding to 13.38 mm Hg or 44.74 %. 

Alcohol^xperiments. 

Alcohol ingestion brought about typical changes in the sensi- 
tivity of the cornea to air stimuli. Firstly -the pressure of the puff 
of air necessary to elicit the bUnking reflex, had to be increased. 
This indicates an increase in the pain threshold, as the cornea 
only has pain nerve endings. A typical series of readings is given; 

35—40 45 ± 50 (Ij 52 55 60 -f 65 + . 

Critical value 55 mm Hg. 

Secondly the range between the 0 % and the 100 % response 
doses increased with the height of the critical value, and was found 
to be 15 — 30 mm Hg against 10 — 15 mm normally. No quanti- 
tative studies on the relation between the magnitude of that range 
and the height of the pressure were made. The experiments, 
however, suggest the percentage range to be rather constant. 

An average curve, based on 14 experiments on 14 subjects, is 
given in fig. 8. The coincidence between the height of the critical 
value, in absolute values ( x — x ) as well as in logarithms (• — •), 
is obvious. 

If the logarithmic differences, i. e. the degree of intoxication 
(p. 16) were correlated with the blood alcohol concentration, a 
rectilinear relationship was found (fig. 22 • — •). 

The appearance and disappearance thresholds for the symptoms, 
computed as said before (p. 22) were 0.31 and 0 . 360/00 (table 6, 
col. 1 — 3); the difference is not significant. They were thus some- 
what lower than the corresponding ones for brightness for fusion. 

The slope of the regression line during the disappearance of the 
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symptoms was 0.3948, thus of the same magnitude as the slope 
for the brightness. But as the threshold value was lower for the 
corneal test than for the flicker test, the former shows a somewhat 
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Fig. 8. Corneal sensitivity. 

Changes during alcohol intoxication. Mean of 16 experiments. 

' — Blood alcohol curve. 

■ — ■ — ■ Deviations in control experiments (log dilT.). 

• — • — • > > alcohol > > > 

X X- —X > > > > (absolute values in mm Hg). 

higher degree of into.xication at a given blood alcohol intoxication. 
At 1 ®/oo, for instance, the corneal test gives a degree of intoxication 
of 178 % against 151 % with the flicker test. 

The experiments thus proved the tlireshold for pain sensitivity 
to rise with increasing blood alcohol concentration, as indicated 
by the increasing height of pressure necessary to elicit a blinking 
reflex. On account of the low threshold for the appearing and dis- 
appearing symptoms and the relative small variability, as com- 
pared with the deviations after alcohol ingestion, this tust, as well 
as the flicker test, seems to be suited for following alcohol intoxi- 
cation quantitatively. 
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B. The Effect of Alcohol on Motor Functions. 

1. standing' Steadiness (Quantitative Romberg 

Sign). 

Disorders of neuro-muscular functions are observed anions: 
the early signs of alcohol intoxication, and alterations in station 
and gate are the most obvious. Their relation to disorders of cere- 
bellar functions -was early recognised. Flourens even in 1824 
emphasized the resemblance between the staggering gait of the 
intoxicated person and that of a patient with a cerebellar disease. 

Disturbance of station (the Romberg sign) and of gait have also 
been used to diagnostisize alcohol intoxication, e. g. for medico- 
legal use after traffic accidents etc. Attempts to record and to 
evaluate these clinical tests quantitatively were, however, only 
made to a small extent. 

Immerjiann in 1865 gives one illustration of the swaying after 
taking alcohol. The record was made by a method referred to 
ViERORDT (1864). A writing point was attached to the head of the 
subject, and made a tracing of the sway on a smoked paper 
suspended over the point. 

The same principle was appbed by Carlson et al. (1934), 
who used a similar method worked out by Lee and Kleitman 
(1923), They found a slight increase in the area of sway after small 
quantities of alcohol taken in the form of beer. 

Miles (1922 b) constructed a mechanical means, the "ataxia- 
meter”, which automatically summed up all movements in terms 
of their antero-posterior and lateral components, thus giving the 
amount of sway. Graphic records were simultaneously made. 
Miles (1924) found this test to be a sensitive indicator of the effect 
of alcohol. Both the amount of sway and the scatter or area of 
sway increased from about 30 to 60 % after small quantities of 
alcohol. The recording of the amount of sway yielded more uni- 
form measurements from period to period than the evaluation of 
the graphic record of the area of sway. 

Thus the experience quoted along with experiments in animals 
(Nevtslan and Card 1937 a, b, Newman and Lehman 1938, 
Goldberg and Stortebecker 1941, 1943) and in man (Hammar- 
STEN and Liljestrand 1922, Miles 1924) suggest cerebellar 
functions to be influenced even by small quantities of alcohol. 
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On the other hand it has been reported that in some cases a 
clinical examination may fail to reveal any disturbance of cere- 
bellar functions even at high blood alcohol concentrations (Andre- 
SEN 1938, Liljestrand 1940). This vras partly ascribed to the 
patient’s “ability to pull himself together” for the moment of 
examination and afterwards to relapse into the intoxicated stage 
again (Andresen 1938). 

This discrepancy between clinical examination and blood alcohol 
concentration favours the desirability of recording objectively 
e. g. the Eomberg sign. Eeferring a quantitative measurement to 
blood alcohol during the course of intoxication in an individual 
will make it possible to get at the relationship between symptoms 
and the blood alcohol level. Moreover, it would make a decision 
possible as to whether the discrepancy is due to inaccuracies of 
clinical examination or whether there really exists a difference in 
tolerance between individuals in this respect. Statistical analyses 
show that different observers have varying criteria of diagnosis, 
which allow of a great range of subjective judgement (Andresen 
1938, Huber 1938, Liljestrand 1940, Dahlberg 1941.) 

Preliminary experiments have shown that the Eomberg sign 
gives such great de^^ations after alcohol ingestion in people unac- 
customed to alcohol that the classic methods of Vierordt or of 
Miles would have failed to record them. — Holmes (1917, 1939) 
and Talpis (1928) recorded cerebellar disorders by attaching 
small lamps to c. g. the finger tips, and then photographed the 
movements in a dark room. This principle was adopted for record- 
ing the Eomberg sign. 


Experiments. 

The method of recording the Eomberg sign consisted in photo- 
graphing the deflections of a source of light attached to the subject 
while standing. Certain conditions had to be fulfilled to make this 
test suitable for practical purposes. The method must make it 
possible to take a series of records of all sizes, from the minute 
deflections under normal conditions to the gross movements 
of the hea%'ily inebriated. Further, it must permit of quantitative 
evaluation. 

The problem to be solved contained as its chief points: a. The 
de%'ice must be used in daylight, and nevertheless the only light 
to be seen on the film must be from the electric bulb attached to 
the subject, b. The light must be so strong as to give a tracing 
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during rapid deflections, e. g. vrlien the subject is falling, and at 
the same time not so strong as to give considerable irradiation on 
the film while standing. 

By using a miniature camera and eliminating the daylight firstly 
by means of an ortho-chromatic film, secondly by a small aperture 
and a combination of filters, thirdly by a 40 W electric bulb as a 
source of light, the conditions mentioned above were fulfilled and 
the, foUovdng device was constructed. 


^Teclinique. 

The camera was a Leica III c, taking forty pictures, 24x36 mm, 
and equipped with a “Telerewinder” which permitted rewinding 
and releasing at a distance. The camera was attached to a firm 
stand 3 meters from the ground. 

The lense was Leitz Elmar / = 3.5 cm, the aperture used / 15 
to / 18. It allowed of taking objects of 66 X 99 cm at a distance 
of 1 m. 

The filters used were a green one of glass and two Dufoycolor 
filters (gelatine). 

The film employed was either an ortho-chromatic 35 mm Agfa 
“Documenten” film, ca. 13 Din, or Eastman Kodak Positive film 
ca. 10 Din. The exposure time was fifteen seconds. 

A 40 W electric bulb, serving as a source of light, was fixed on 
top of an extendable bar and attached to a firm stand, which was 
placed on the shoulders of the subject. The electric bulb was con- 
stantly kept two meters from the ground by adjusting the extend- 
able bar according to the length of the test subject, and was thus 
one meter from the camera lens. The light conditions of the room 
were of no importance. 

The records were made with the subject in two positions, a. the 
ordinary Romberg position with feet together, eyes closed and 
hands at side. b. the modified Romberg position with one foot 
in front of the other, eyes closed and hands at side. 

At the beginning of the experiment the subject made a few 
preliminary tests in order to get used to the device, which were 
discarded. He was asked to fixate an eye-mark at a distance, 
then to close his eyes and to try to keep up his position, first with 
feet together (ord. Rb), and then with one foot in front of the 
other (mod. Rb). Each position was held for fifteen seconds, with 
a few minutes’ rest between. Generally one record of ord. Rb. and 
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one of mod. Rb. was made at each determination; in three e.^- 
periments double determinations were carried out. 

Evaluation. The size of the real area of sway was computed 
from the photographed area in the following manner: 

The lens / = 3.5 cm and the object at a distance of 1 m gave 
a linear diminution of 27.57 times. — The real area was thus 
(27.57)2 = 760.103 times larger than the photographed. 

After development of the film the negative was enlarged in an 
ordinary enlarging apparatus, and the photographed area traced 
on a paper. The size of the tracing was determined by joining the 
other contours of the tracing and by measuring this area plani- 
metrically by means of a planimeter.^ The planimeter was ad- 
justed so as to give the area in mm® as the sum of four turns. 

The linear enlargement ftom the photographed to the traced 


area was 6.67 times. The real area was thus 



= 17.103 


times larger than the traced one. 


For computation of^ the logarithmic difference no adjustment 
to real area was necessary; the traced area was transformed to 
logarithms, and the log difference obtained as usual (p. 16), The 
traced area could as well be transformed to absolute values, cor- 
responding to the real area, by using the logarithmic values; then 
the adjusting factor of 17.103 was substituted by adding log 
17.103 = 1.233. 

Correction for irradiation. As the source of light had to be 
rather strong in order to give good records during large deflec- 
tions (p. 46), a certain amount of irradiation could not be avoided, 
which means that the photographed area is greater than that 
which corresponds to the real area. This occurred -only with the 
resting lamp, i. e, in ordinary Rojiberg position (fig. 9 A, I, II 
and \II. The original film was more distinct than the repro- 
duction). 

The degree of irradiation depends on the relation between the 
intensity of the light and the size of the aperture of the camera. 
■\\*ith a constant aperture and filter the irradiation increases with 
increasing intensity. Its size was ascertained in the following 
manner: 

An absolute value of the area of sway was obtained by the 
principle of Vierordt (1864): the electric bulb was substituted 


* Fa. Conradi, Ziiricb, Switzerland. 
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by a point whicli during a Eomberg position made a tracing of 
the swaying on a smoked paper. The area of this “smoke” tracing 
corresponded to the area of sway, and Avas used as a standard. 

The same subject was then photographed, and the area of the 
photographed tracing on the paper (see above) referred to the 
"smoke” area. An example will illustrate the computation: 

Size of "smoke” area 303 mm=^ = antilog 2.4814. 

Size of tracing of photograph 91.0 mm = 1.9590. 

log adjusting factor for transformation of the tracing to real 
area 2.4814 — 1.9590 = 0.5224. 

In order to adjust for possible variations in the intensity of the 
electric bulb, the procedure ought to be repeated from time to 
time b)"- photographing the standard subject and comparing the 
photographed area with the standard. The irradiation was, how- 
ever, not detected until a large part of the experirhents had been 
carried out, and the series were adjusted for irradiation in the 
following manner. 

The mean of a number of basal values from different individu- 
als (about 100 trials on 25 subjects) were referred to the stand- 
ard "smoke” area. The log adjusting factors so computed were 
-f 0.105, 4-0.175 and -f- 0.491 for the Summer, December and 
February series respectively, and were used to adjust irradiation 
of those photographed areas which showed irradiation to be seen 
on the film. The photographs showing visible deflections Avere 
not adjusted (cf. fig. 9 A, 1, 2, 7 and table 2). 

The error of measure {a^) was ascertained from the standard 
deAuation of the differences between two measurements of one 
and the same area (or,„) according to the formula (Dahlberg 1940) 


a 


m 



( 8 ) 


(T„ Avas 3.91 mm, corresponding to 1.62 % for areas less than 
250 mm, (189 determinations) and 12.05 mm, corresponding to 
1.2 %, for areas of 250 — 25 000 mm (76 determinations). 

The tracing error (cr<) Avas ascertained as above from two tracings 
and measurements of one and the same film at two different 
times. Its magnitude, determined from 36 double tracings, was 
28.7 mm-, Avhich corresponds to 8.76 %. 


i— 431280 
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Resnlts. 

Ordinary Bomberg Position. 

Basal values. 

The ordinary Rojiberg position was rather easy to keep, most 
subjects not swaying obviously. 

Basal values and their standard deviation are given in table 6. 

The standard deviation of a single determination (tr,,) was 
ascertained from 39 double determinations and was [0.0261] = 
18.1 mm^ 

The variability of the test during a whole day {a^ was ascer- 
tained in 12 control experiments (p. 15) and was [0,1127] = 78,2 
mm®. The increase in variability is most probably due to the in- 
fluence of fatigue. The mean was not altered during the day (fig. 
10 which can be interpreted as the possible counteracting 

effect of practice on fatigue. 

The variation from day to day in one and the same individual 
(o'rfd) found to be [0.0987] = 68.5 mm®, ascertained from 
13 double experiments. 

Alcohol exporimentB. 

The changes in station after alcohol ingestion were often seen 
quite easily with the naked eye. The swaying had as a swinging 
centre the talo-crural joint, and in the case of higher alcohol dosage 
it increased to such an extent that the subject sometimes lost his 
balance and fell. 

The subject himself was often absolutely sure that he was per- 
forming a better test than under normal conditions. Even if he 
observed his own swa}dng or fall, he felt sure he would make a 
better result next time. 

The Romberg test was largely influenced by personal factors, 
consistent values only being found if the subject did his utmost 
at over\' trial. If he was careless and did not concentrate on his 
task, widely diverging values would be found. Only a few trials, 
about ten to fifteen out of some twelve hundred determinations 
liad to be discarded on account of this. 

The area of sway photographed and measured as said above, 
(p. -18), was a good measure of intoxication. A typical experiment 
is illustrated in fig. 9, and the corresponding values are given 
in table 2. 


QUALITATIVE STUmivS OX AIX’OHOI. TOUKRAXCE 



Fig. 9. Standing steadiness (qnant. Romberg). 

Variations in area of sway in alcobol intoxication (orig. size of film), 
9. 2. 43. Exp. 19 Jl. 1,0 g ale. per kg. 

A. Ordinary Romberg position. 

B. 3Iodified Romberg position. 

I. Before alcohol ingestion. 

II— YII. After alcohol. 

(Time, size and blood alcohol see text and table 2.) 


Slandinff Sieadinef^s (Quantitative Jiomherg Sigii). 
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The table also shows which areas had to be adjusted for irra- 
diation. 

The course of alcohol intoxication, plotted against time, is 
illustrated in fig. 10 by an average curve based on experiments 

SA?oc/^^cofio/ 



Changes daring alcohol intoxication. Mean of 17 experiments. 

Blood alcohol carve. 

■ — ■ — ■ I)e\d.ations in control experiments (log diff.) 

• — # — • > > alcohol > > > 

X X X > > > > (absolute values in mm®). 

on seventeen subjects. The coincidence between the area of sway, 
whether plotted in absolute values (mm®) or in logarithms, and 
the blood alcohol curve is obxdous. The size of the area increased 
with increasing blood alcohol concentration, the maximum oc- 
curred approximately at the same time as the blood alcohol 
maximum, and the area then decreased with the fall in blood al- 
cohol to reach the basal value before the blood alcohol had re- 
turned to normal. The deflections were great: the maximum de- 
gree of intoxication corresponded to 900 %. 

Heferring the degree of disturbance to blood alcohol (fig. 23 • — ® ) 
during the decreasing part (p. 22) gave a straight relationship, 
when log differences were plotted against blood alcohol concentra- 
tion. The appearance and disappearance thresholds for the 
symptoms were 0.65 and 0.66 ®/oo (table 6, col. 1 ^2). 

The steep slope of the curve indicated that the function tested 
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was very sensitive to the influence of alcohol, the degree of in- 
toxication augmenting at a high rate with a slight increase in 
blood alcohol. The degree of intoxication at a blood alcohol con- 
centration of 1 °/oo ■"■as 490 %. 

The individual thresholds were also ascertained graphically from 
individual curves (p. 22); the mean and stand, deviation are 
given in table 11, columns 4 — 6. The fact that the experimental 
error is smaller than the standard deviation (table 11, col. 9) 
indicates a real difference in threshold to exist between single 
individuals. 


Modified Romberg Position. 

Basal values. 

The changes in the standing steadiness with the modified 
Romberg position were more obvdous than with ordinary Rom- 
berg position. A greater degree of swaying and a more frequent 
falling were observed, 14 subjects out of 40 showed obvious 
swanng already normally. The area of sway is illustrated in figs. 9 
and 1 1 and in table 2, and the basal values are given in table 5. 



Fis. 11. .St.inding sfeadineBS (mod. Romberg position). 

('haoges during alcohol iotoiication. Me.m of 17 experimeiitg. 
- Blood alcohol curve. 

H — ■ — ■ Deviations in control cipcrimeiifs (log, diff.) 

9 — 0 — 0 , > al<t»hol » ’ ’ 


>• • 


9 


(absolnfe v.-ilncs in ram-). 
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The variability of this modification of the Romberg test (table 5) 
was greater than withi the ordinary Romberg position. The great 
variability during the day is illustrated in fig. 11 (■—■). 

Alcohol experiments. 

After alcohol ingestion the same principal features as with the 
ordinary Romberg position were seen. The deflections were, 
however, much greater. The course of alcohol intoxication as 
reflected by this test is given in figs. 9 and 11, and tables 2 and 6. 

Referring the log differences to blood alcohol gives an ap- 
proximately straight line (fig. 24). The appearance and disappear- 
ance thresholds were 0.41 and 0.65 ®/ooj suggesting this symptom 
to be more sensitive to the rising blood alcohol. 

Its slope is steaper than that of the ordinary Romberg position 
which indicates this modification to be still more sensitive to the 
influence of alcohol than the ordinary Romberg position. The 
degree of intoxication at a blood alcohol concentration of 1 ®/oo 
was 1622 %. 


2. The Finger-Finger Test. 

Next to disorders in standing and gait those of neuro-muscular 
in-coordination in the upper extremities are frequent after alcohol 
ingestion. A general method to record instability of neuro-muscu- 
lar coordination has been that of letting the subject make dots 
with a pencil on a paper placed in front of him at arm’s length. 
This method, in Sweden referred to Blix (1883), was reported to 
show impairment in function of 30—50 % after so small a dose 
as 5 cc of alcohol in an abstainer (Gyllensvard 1918). Similar 
results were stated by Vernon (1919). Yates (1929) using a 
similar method of recording past pointing for diagnosis, found 
under normal conditions the dots to be “nearly superimposed”; 
in cerebellar or vestibular disorders the dots showed “a general 
instability or formed a line”. 

McDougall and Smith (1920) employed a “dotting machine” 
to reveal alterations in muscular co-ordination. The apparatus 
consisted of a band of paper tape drawn behind an opening. The 
test consisted in marking with a stylographic pen a series of 
small circles appearing in the opening at the rate of 5.8 a second 
in three to four minutes. After 10 to 25 cc of alcohol the per- 
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centage of errors rose from about 7 % to 8 — 14 % -whicb means 
an increase due to alcohol of 20 — 100 %. 

A labyrinth test, where the subject had to move a metal stylus 
within a boundary hoop along a line on a rotating plate between 
irregularly distributed spikes, was used by Bahnsbn and Yedel- 
Petebsen (1934). They found alcohol at a dose of 0.6 g per kg to 
impair the skill by increasing the number of errors by 35 — 80 %. 
Simultaneously blood alcohol analyses were run (Schmidt 1934), 
and the degree of disturbance correlated with the alcohol analyses. 
A correspondence between the impairment of function and blood 
alcohol was suggested. 

Carlson et al. (1934) tested hand steadiness by letting the 
subjects hold a metal stylus in a hole in a metal plate and counted 
the number of contacts during two one-minute periods. They 
found an increase of 10 % after four bottles of beer, corresponding 
to 54.6 cc of alcohol, at a blood alcohol concentration of 0.60®/oo. 

The frequent use in the clinic of the simple finger-finger test 
which proves valuable to detect gross disorders of cerebellar 
origin inclusive those in alcohol intoxication, gave the idea of 
appljdng it for a quantitative study of alcohol intoxication. 


Experiments. 

Technique. 

A disc 8.8 cm in diameter with a paper attached to it was 
kept firmly on the left forefinger by means of tubes of varying 
diameters, inserted in a holder and fitting the finger. A thimble 
W'ith a point on it was placed on the right forefinger. (The disc 
and the thimble, of four different sizes, must fit so well that 
the forefinger tips were pressed against the bottom.) 

The subject was sat at ease in the room, and was asked to close 
his eyes and instructed to try “to get his finger tops meet”, z. e. 
not to try to mark the centre of the disc. The distance between the 
fingers when beginning was 40—50 cm. The dotting was repeated 
50 times to the beats of a metronome, going 75 times per min. 
Tlic subject had first a “practice” trial, which was discarded, in 
order to get used to the method, then he made two trials of 50 
dots each- 

EraJmiion: As a measure of the degree of co-ordination, the area 
covered by the dots was used. The size of this area was deter- 
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mined by joining tbe outer dots by tracing, a biassed dot when 
single being omitted, and by measuring this area planimetrically. 

The planimeter was adjusted so to give the area in mm- as the 
sum of four turns. The measurement was mere in two steps, each 
of two turns, and the total area was thus the sum of the two steps. 


The error of measure {a^) was determined from the differences 
between the two measurements (di) of one and the same area, ac- 
cording to the formula given by Dahlberg (1940); 



( 9 ) 


was ± 4.0G8 mm- (310 determinations), corresponding to a 
coefficient of variation of ± 2.11 %. 

The error of tracing (ut,.) was determined from double tracings 
by placing two papers on the disc and tracing and measuring 
them on two different occasions. The differences found (do) gave 
the total variation (cr^), the error of tracing (04,^) was computed 
from current formulae (Dahlberg 1940): 

at, = ± (10) 


(Tt was i 16.33 mm* (30 determinations), corresponding to a 
coefficient of variation of ± 2.58 %. 

Otr fbus became + 1.49 %. 


Results. 

Basal values. 

Normally the scatter of the dots was rather small, 80 — 90 % 
of the dots confluating. If the subject did not concentrate on his 
task, on account of fatigue or for some other reason, the dots 
deviated somewhat, about 50 — 70 % confluating and the others 
being seen as discrete holes in the paper, fig. 12 (1). 

The average basal value (37 subjects) was [2.300] = 199.5 mm*. 

The different variations; cr^, o-ga, are found in table 5, 
cols. 4 — 15. 

The influence of practice and fatigue increased the variation 
but did not alter the area of dotting, as illustrated by the control 
experiments in fig. 14 (■ — ■). 
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Fig. J2. The finger-finger test. 

Tarialions in area of dotting in alcohol intoxication (Orig. size). 
15.12.42. Exp. 15 M. 1.0 g ale. per kg. 

1. Before alcohol ingestion. 

2 — 8. After alcohol. 

(Time, size and blood alcohol see table 3.) 
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Alcohol Experiments. 

Usually the subjects had a feeling that they were performing the 
test better after alcohol than normally and were very astonished on 
being shown the result. This kept their interest in the task awakened 
as they tried to compete with themselves and yielded maximum 
values. On the other hand, when seeing a rather good re- 
sult after alcohol the subject got sure of himself, his interest 
slackened and the second trial was less satisfactory. As a rule 
they were not ^hown their results. Sometimes the subjects showed 
difficulties in following the beats of the metronome, some of them 
ascribing this to their hearing the beats of the metronome less 
than before taking alcohol. 

The tests showed typical departures from normal. The dots de- 
viated more from the centre: a greater number became discrete, 
and the area of dotting increased. A typical case is illustrated in 
fig. 12 (2—7). 

The figure clearly shows the increased scatter of the dots after 
alcohol, and the increase in area. 


Table 3. 

Finger-Finger Test. 

14. 12. 1942. Subj. 15 M. 78 kjr. 1.0 g. ale. abs. per kg at 9.40 a. m. 


Number 

Time after 
ingestion 

min. 

Blood Ale. 
Cone. 

® 00 

I 

1st Trial 
mm" 

Irea of Dotting 

2nd Trial | Mean 

mm= j ram= 

■ 

I. . 

0 


218 

202 

i 

210 

n. . 

0 

— 

240 ‘ 

240 

240 

III. . 

20 

1.08 

501 = 

542 

521 

IV. . 

. . 57 

1.22 

978 

904 = 

941 

V . . 

■ 82 

1.32 

972 

1137^ 

1050 

VI . . 

110 

1.28 

834 •• 

729 

782 

YII. . 

180 

1.10 

585 

479 « 

532 

.vm. . 

234 

0.97 

440 

365 ■ 

403 

XI. . 

393 

0.59 

273 « 

294 

284 


(1 — 8 correspond to the same numbers in fig. 12.) 

In table 3 the corresponding data for time, blood alcohol con- 
centration and area are given. 

The table gives an understanding of the variation between the 



60 


LEONARD GOLDBERG. 


two normal values (I and II), and between the first and tbe second 
trial. This latter difference seemed to vary with, the size of the area. 

If the difference between the two trials was plotted against 
their mean, and this was done with a great number of trials, 





Fig. 13. The finger-finger test. 

Varintions in area of dotting in repeated experiments after alcohol ingestion. 

-A. Area of dotting in mm®, plotted against time. 

R. > > > > log. difi'erences > . > > 

C. > » > > mm® > > blood alcobol. 

D. > > > > log. differences > > » > 

— — — — Blood alcohol 27.3.42. Exp. 2 H. 1.2 g alcohol per kg. 

’ 18. 6. 42. Exp. 3 H. 1.3 g alcohol per kg. 

• # -Area of dotting 27.3.42. 

O O > > > 13.6.42. 

an increase of the difference with increasing mean was found. If 
the percentage difference between the two trials, or the logarithmic 
difference, was plotted against the mean, a horizontal course 
would imply the percentage or the logarithmic difference to be 
constant and independent of the magnitude of the mean. Crozier 
H ah (1940) have suggested such a relation to exist for the flicker 
frequency of the eye, and have discussed its biological significance. 

ThC'C calculations were tentatively carried out on 68 differences 
under normal conditions and on 219 differences after alcohol. The 
result agreed with expectation; the percentage difference was con- 
.s'tnnt an<l about 1.0 % for both the normal and the alcohol 
series. 
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The reproducibility of the test and the application of absolute 
and logarithmic values is illustrated by a case, given in fig. 13. 

In fig. 13 A the absolute values of the area of dotting, expressed 
in mm®, were plotted against time. Both curves followed the 
course of the blood alcohol curve, but they differed from each 
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Changes daring alcohol intoxicjvtion. Mean of 17 experiments. 

— Blood alcohol curve. 

M — ■ — ■ Deviations in control experiments (log diff.) 

• — • — • » > alcohol » > > 

X x~— X > > > > (absolute values in mm®). 

other with regard to the height of their first values, which were 95 
and 140 mm® respectively. 

In fig. 13 B the curves were drawn as logarithmic differences 
(p. 16), i. e. the differences between the logarithms of the values 
found and the basal value, and plotted against time. The curves 
now coincided within the range of error. 

The relation between symptoms and blood alcohol was estab- 
lished in fig. 13 C, where the absolute values of the symptoms 
during the decreasing part of the curve were plotted against the 
blood alcohol concentration. The relationship seemed to follow an 
exponential curve, and the curves differed from each other. — 
In reality the difference was not so large as seen on the graph, as 
fig. 13 C was dravm in a scale twice that of fig. 13 A. The graph 
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furtlier shows the difficulty to determirxe the decrease threshold 
from the exponential curve. 

FinaUv the log differences for the sjTnptoms were plotted against 
blood alcohol in fig. 13 D. The relationship became rectilinear, 
and the two regression lines practically coincided. This suggests 
that the relationship is rather constant from experiment to ex- 
periment in one and the same individual. 

The same observations were also made with the other tests 
applied on several subjects. The number of experiments was, how- 
ever, to slight to allow of quantitative statistics as to the varia- 
tion from time to time. 

In fig. 14 an average curve of the changes in the finger-finger 
test after alcohol, based on 19 experiments on 17 subjects, is given. 
The coincidence between symptoms and blood alcohol is obvious. 
In fig. 25 (• — •) the relationship during the decreasing phase 
of the symptoms is illustrated, and values for the increase and 
decrease thresholds are given in table 6. There was a difference 
found between the appearance and the disappearance thresholds 
for the symptoms. 

Observers in this field agree that the motor functions seem to 
be influenced to a high degree by alcohol (Mellanby 1920, Ham- 
MAR.STEN and Liljestrand 1922, Miles 1924). The tests described, 
the photographic method of recording standing steadiness and the 
quantitative finger-finger test, jdelded good results after alcohol, 
as indicated by the large departures from normal, recorded by 
them. The deflections, especially when using the test on standing 
steadiness were of a magnitude, which by far exceeded the results 
found by other observers: at a blood alcohol concentration of 1 ®/oo 
the two variations of the standing steadiness test (ordinary and 
modified Romberg position) showed a degree of intoxication of 
490 and 1,622 % respectively, and the finger-finger test 174 %. 


C. The Effect of Alcohol on Psychological 

Functions. 

The number of tests derived to study the influence of alcohol 
on psychological functions is con.siderable. The aim of this work, 
as far as it concerns psychological tests, will be primarilv to in- 
vestigate whether they permit a quantitative measurement of the 
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alcohol effect, secondly, to find the possible relationship between 
the degree of disturbance and blood alcohol, and finally, to com- 
pare the results obtained with psychological tests with those of 
sensory and motor functions. 

The two classic tests in this respect are the Kraepelin test 
and the Bourdon test. 

1. The Subtraction Test. 

The Kraepelin test consists of continuously adding two digits, 
the number of additions and errors per time unit being evaluated. 
Kraepelin et al. (1892, Kiinz and Kraepelin 1901) found a 
slight decrease in the number of additions and an increase in 
the number of errors after alcohol ingestion. Frank (1925) and 
Riegel (1925) used this test to investigate the after-effects of 
alcohol and found a slight impairment still remaining the day 
after ingestion. Haas (1925) employed the Kraepelin test to 
measure the depth of sleep, and performed additions for ten 
minutes after being awakened. After pre\dous alcohol ingestion 
the performance deteriorated, this indicating a heavier sleep 
due to alcohol. 

Danger (1939) applied the addition test in experiments on the 
relation between blood alcohol and alcohol effect. He found a 
decrease in the number of ' additions by 10 to 20 % at a blood 
alcohol concentration of 0.8 to 1.2 ®/oo. 

Psychiatrists often use a subtraction test to prove the ability 
of their patients to count backwards orally and they let them 
begin at 100 and go on subtracting 3. The test is rendered more 
difficult by subtracting 7, this modification seems to differentiate 
more (Odstedt, pers. comm.). Preliminary experiments showed 
■that the subtraction test with 7, when evaluated by measuring 
the total time needed for fourteen subsequent subtractions, gave 
somewhat better results than an addition test. The following 
technique was adopted for the final experiments. 

Experiments. 

Technique. 

The subject Avho sat in a closed room -with no distm'bing noise 
from outside, was asked to subtract 7 as quickly as possible, 
starting from 100 and going down to the least positive figure. 
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The time for the whole test was notod. The first five trials 
were made for practice and discarded. Each, determination con- 
sisted of two trials, the subject always subtracting seven but 
eacli time beginning at a new number, which ranged from 99 
to 104. 

Evnluntion: The total time in hundredths of minutes, necessary 
for the wliolc calculation, was used as a measure. The number of 
errors, normally varying between 0 and 4, was too small to permit 
of a quantitative evaluation and was recorded but not evaluated. 
— The total time found was transformed to logarithms and the 
value of the logarithmic difference between the value found and 
the basal value (see below) was plotted against time and blood 
alcohol. 


Results. 

Basal values. 

In most subjects this test involved a good deal of mental strain 
as people generally are not used to this special kind of mathemat- 
ical operation. Starting the calculation with the prime numbers 
99 to 104 prevented the subjects from using the multiplication 
table backwards. 

The functions which are tested will be concentration and atten- 
tion, as well as memory and the ability of mathematical calculation. 
As other psychological tests this, too, was easily influenced by outer 
factors, A slight decrease in concentration momentarily increased 
the total time, wliich was often seen at the end of a day’s experi- 
ments. On the other hand in “inhibited” subjects, disinhibition 
resulted in a shorter time. As compared with somatic functions, 
this test was much influenced by practice and fatigue, and more 
than the Boukdox test. 

The effect of practice was most ob\dous on those subjects 
with long total times. It was noticed that part of the long 
total time in subjects of normal intelligence was not due to any 
mathematical inability but rather to inhibiting factors. These play 
their part primarily in the first trials, and are partly eliminated 
when the test has been practised a few times. Similar experience 
was re{)orted bv Argelaxder (quoted from Kurka) and Kurka 
(1928). 

The quantitative influence of practice and fatigue was ascer- 
tained as usual in control experiments on twelve individuals, 
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repeating the test nine times during six to eight hours. The average 
curve is illustrated in fig. 15 (■— ■) and shoivs a slight but 
unmistakable improvement due to practice, the total time for 
the test decreasing from 0.389 minutes to 0.334 minutes on an 
average, corresponding to an improvement of 16.5 %. The in- 
fluence of practice on the first trials was stUl more. This was 
the reason for discarding as many as five preliminary trials. 
Generally only the second normal value previoxis to the taking 
of alcohol was used as a basal value, even the first one being 
discarded to eliminate part of the effect of practice. On the 
other hand, fatigue very easily prolonged the total time of the 
performance, it was sometimes seen that in a few cases the 
values at the end a day were higher than those at the beginning. 
This was especially noticed after alcohol, and above all if the 
subject was sleepy. 

The basal value (mean of 37 subjects) was 0.431 min. 

The variation of a single determination (o,) could not be cal- 
culated as usual, as only one determination was made before the 
alcohol was taken. 


a, was tentatively computed in another manner: As each de- 
termination was the mean of two trials, the difference between 
these two trials was plotted against the mean. The difference rose 
with increasing mean (like the finger-finger test p. 60). If the 
jiercentage difference was plotted against the mean, an approximate 
horizontal line was foimd, suggesting the percentage difference to 
be constant, and independent of the magnitude of the mean. The 


percentage difference {d^ was graphically computed to be about 
18 %, and the stand, dev. of a single trial X thus about 


12.7 %, and the standard error of the mean |l2.7 x — 9.0 %. 

This figure agrees well with the variation during the day, 
which w^as formd to be 12.11 %, and from day to day = 18.11 % 
(table 5, col. 8, 11). 


The variation between individuals was 37.30 %. 


Alcoh.ol Experiments. 

The effect of heavy alcohol dosage was very typical, the total 
time and the number of errors increasing. A typical series is 
given below; 104 97 90 83 66 59 52 45 48 41 34 27 20 13 6. 

h— 431286 
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Changes daring alcohol intoxication. Mean of 17 experiments 

Blood alcohol enrve. 

B — B — ■ Deviations in control experiments (log diff.). 

0 _ ^ 0 , > alcohol > > > 

X — X X » > > > (absolute values in min.). 

The increase in the number of errors is not so great as to ex- 
plain the prolongation of time. This must be due to other factors, 
a greater diversion of attention, lack of concentration, etc. 

Smaller alcohol doses had principally the same effect but in 
a quantitative!}' minor degree. Sometimes it was so slight that 
practice seemed to conceal it altogether, since the total time was 
not altered. — Fatigue which also impairs the results, was some- 
times seen to influence the performance of the test after alcohol 
to a greater degree than normally, giving an impairment in the 
la.st or last trial but one of the day. 

The average of experiments on 17 subjects is illustrated in fig. 15, 
where absolute values (x — X) and log differences (• — •) are 
plotted against time. 

It was obvious as well from the average cirrve as from the 
observ'ations on a single individual that the maximum of effect 
occurred soon after the ingestion of alcohol had taken place, i. e. 
before the blood alcohol had reached its maximum height. 

The reason for this might lie in two conditions. The one wiU 
be that the functions tested by this method are more sensitive 
to the rising of the blood alcohol than the level of blood alcohol 
as Kucli The other factor may lie in a compensative mechanism 
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vliicli appears after the first effect of alcohol on the central 
nervous system has set in. The nature of this compensative 
mechanism is not settled, but may primarily lie in an increased 
effort of wiU-power, resulting in an increased amount of concen- 
tration and attention. 

The symptoms were finally related to the blood alcohol con- 
centration during the rising and the decreasing phase of the 
symptoms and the blood alcohol curve. 

The decreasing phase is illustrated in fig. 26 (• — •). 

The appearance and disappearance thresholds differed (table 6, 
cols 1^ — 3), the appearance thresholds being considerably lower, 
which explained the higher degree of intoxication during the rising 
of blood alcohol. This was primarily due to the difference in 
thresholds (p. 84). 

The subjects themselves claimed this test to be very difficult 
to perform. On the other hand the results showed, that the sub- 
jects were able to compensate much of the possible effect of al- 
cohol by an increased mental effort. 

The impairment of function with the increase of blood alcohol 
was slight, as indicated by the slope of the regression line, expres- 
sing the relationship between symptoms and blood alcohol (table 6, 
col. 5 and fig. 26). 

Moreover, the influence of other factors than alcohol, as diver- 
sion of attention, fatigue, sleepiness etc. was of the same order of 
magnitude as that of alcohol, and could thus fully conceal any 
action of alcohol. 

Finally, the effect of psychic compensation was considerable, 
but varied to a great extent. By forcing the subject to work at 
his maximum of effect, part of the psychic compensation could 
be eliminated; this was one reason, why conclusive values at all 
were obtained. 

This method can only serve to detect gross disorders in psychic 
functions; it yields principally the same results as sensory and 
motor tests, but of another order of magnitude, both with regard 
to threshold values as to the magnitude of departures from nor- 
mal due to alcohol. 


2, The Bourdon Test. 

The Bourdon test (Bourdon 1895) was applied as the second 
psychological one in this study. This test, first referred to Oehrn 
(1889), consists in its original form of a continuous text, in which 
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tbc subject has to cross or mark one or more given letters as 
quickly as possible during a certain period of time. The test is 
c%'aluated bv counting e. g. the number or percentage of letters 
correctlv marked, the total number of letters read, the number 
or percentage of errors, or the time needed for performing a cer- 
tain paragrapli etc. a modification a text consisting of single 
letters, distributed at random, was introduced by Sharp (1899); 

Rieger (1925) employed the Bourdox test during an period 
of 90 days of alternating control and alcohol experiments; alcohol 
caused an impairment of 17 to 19 %. Kurka (1928), studying the 
influence of different concentrations of alcohol on several func- 
tions, found with this test an increase in the number of errors of 
25 — 35 % after taking alcohol. Finally, Peter (1939) in in- 
vestigations concerning the influence of sedatives on the alcohol 
effect employed a Bourdox test to study the changes in psycho- 
logical functions. The results of this test followed the blood alcohol 
curve to a certain extent, the maximal decrease in performance 
being about 20 % at a blood alcohol level of about 1 “/m. 

A close study of a number of investigations in this field on 
widely different themes, e. g. psychological works concerning the 
effect of fatigue (Gp..\f 1925), of drugs as benzedrine (Lemmel 
and Hap.twig 1939, Alwall 1942), or as a test of selecting appli- 
cants (Axdekbep.g 1935) etc., shows this test to be liable to a 
great variability. The degree of the subject’s concentration as 
well as his interest in his task, the amount of will-power on the one 
hand and the diversion of attention on the other, and the influence 
of practice arc some of the factors that cause the variability. 

The character of this work made it necessary to use tests, 
whicli would keep the subject’s interest awakened, as they 
had to be repeated several times, and as a number of different 
tests was employed. It was therefore primarily chosen to use 
some kind of a continuous text. This would keep the interest of 
the subject awakened and at the same time serve as a certain 
amount of diversion for attention and’ render the test .somewhat 
more difficult. On the other hand the words must not be so easy as 
to permit the subject to recognise them without any difficulty. 
In fact the effort to ?narJ: letters was so strong that the subjects 
very .seldom liad any memory of the contents of the text. 

Preliminary experiments also showed that at least three letters 
had to be marked in order to give consistent values. The final 
techniq^ue adopted is described below. 
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Experiments. 

Teclmique. 

Seven different S-wedisli texts were used. They were taken 
from a narrative of Swedish life in the sixteenth century, (by 
Widen, Svenska Turistforeningens Arsslcrift 194:1) written in a 
somewhat archaic language, containing rather long and not very 
familiar words (fig. 16). 

The subject, who sat in a quiet room, had to mark three given 
letters in four minutes every time they appeared in the text. The 
first letter was to be indicated by a stroke (/), the second by a 
cross (x) and the third by a circle (O)- 

The subject was instructed to mark aU the three letters at one 
and the same time and not to take first one through the whole 
text, then the next one, etc., which would have made the test easier. 
He was also told to work as quickly as possible and to try to 
mark correctly as many letters as possible during the trial. It 
was not necessary for him to remember the letters as they were 
written and marked on the sheet of paper. 

The letters for each text were selected in the following manner. 
The first two letters belonged to the seven most frequent letters 
in Swedish (a, e, 1, n, r, s, t). The same letter was used for two 
different texts, once as first letter (/) and the next time as second 
letter (x). There were at least two texts before one and the 
same letter was used again. The third letter (o) was chosen among 
those letters which come next in frequency after the first seven 
mentioned. 

The texts were so selected that the frequency of each of the 
first two letters was about the same and twice the frequency of 
the third letter. Letter combinations and the frequency of the 
letters used are given in table 4r. 

Evaluation: The relative degree of difficulty in the seven texts 
was tested in 560 trials on 194: persons in all, the texts being 
distributed at random in order to avoid any influence of practice 
or fatigue. The results are given in table 4. 

The seven texts were practically of the same degree of difficulty. 
No adjustment for the slight differences was made, as the devia- 
tions from the mean were not significant. The standard deviation 
was ± 30 letters, the standard error of the mean ± 2 and the 
standard error of the difference rb 3. 
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Total 560 I Mean (M) 117.86 1 J1 • 133.02 \ 100 ^ 
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Tlie texts were evaluated by counting 

a. The number of letters correctly marked = BO 

b. The total number of letters read = BT. 

The mean of the first two trials served as a basal value (p. 16). 
The values found were transformed to logarithms and the loga- 
rithmic difference (p. 16) plotted against blood alcohol and time. 

It was shown in a preliminary study that evaluating the per- 
centage of correctly marked letters or of the percentage of errors 
= the percentage of incorrectly marked or omitted letters, gave 
less consistent values than using the number of correctly marked 
letters or the total number of letters read. Therefore only the two 
last mentioned measurements are included in tliis study. 

Results. 

The performance of a trial was influenced by e. g. all the 
factors which normally divert attention, and a consistent per- 
formance of the test demanded a quiet room with no distur- 
bance from outside, and definite and repeated instructions to 
the subject to concentrate on his task and do his best. 

The instruction to work at top speed was necessary in order to 
get conclusive values. Otherwise the subject adopted an average 
rate of working which he kept rather constant by varying his con- 
centration on the task. By the force to work maximally the 
effect of compensating an influence from outside by increasing 
the mental strain was lessened. 

The time of performance of this test, four minutes, was enough 
for the subject to arrive at a normal degree of practice. This 
was reached after only one minute, and the amount of work 
performed during the remaining three minutes was rather con- 
stant. On the other hand four minutes under normal conditions 
were not enough to produce any visible signs of fatigue. 

Basal Values. 

The basal values for the number of letters correctly marked 
(BC) and the total number of letters read (BT) are seen in table 5, 
cols. 2 and 3 (27 subjects). The figures cannot be considered as 
representative for an average population, as 24 of the 27 subjects 
were students; this test will be correlated with education to a 
certain degree. 
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Fig. 16. The Bonrdon test. 


A I. 

18. 6. 42. 

Eip. 3 H. 

Before alcohol ingestion. Letters: a t b. Resnlt: 
116/127 in 4 min (BC/BT). 

A II. 


9 

45 min after alcohol ingestion. Letters: e s d. 
Resnlt: 23/49 in 4 min CBC/BT). 1.88 “/«> alcohol. 

B I. 

10.2.43. 

Exp. 10 A. 

Before alcohol ingestion. Letters; a t b. Result: 
153/165 in 4 min (BC/BT). 

B II. 

> 

> 

110 min after alcohol. Letters: nan. Result: 
145.^161 in 4 min (BC/BT). 0.88 ®/oo alcohol. 


The values for the variability under different conditions are 
seen in table 5, cols. 4 — 15. The coincidence between the two 
methods of evaluation: BC and BT, is complete within the range 
of errors. 

Tlic variability during the day (tr^) was illustrated in figs. 17 
and 18 (■—■). hTo significant change, due to practice, was 
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noted.. On the other hand, the increase in as compared with <t 
must be attributed to the influence of fatigue. 


Alcoliol Experiments. 

The behaviour of the subject, when performing a trial under 
the influence of alcohol, was very tj^ical. He talked to him- 
self and could sit for seconds doing nothing. His handwriting 
became “atactic”: the pencil markings grew larger and thicker, 

S/ooe/ /7/co/ro/ 



Fig. 17. Bourdon tost (number of letters correctly marked). 

Changes during alcohol intoxication. Mean of 17 experiments. 

— Blood alcohol cun'e. 

■ — ■ — ■ Deviations in control experiments (log. diff.). 

• — • — • > ■> alcohol > > » 

X X X > > > > (absolute values in number of 

letters correctly marked in 
4 min.). 

a circle was marked by a spiral or a large point, the markings 
were sometimes placed beside of the letters to be marked etc. 
(% 16). 

The deviations from the normal were evident in cases of intense 
intoxication, a diminution of both the number of letters correctly 
marked and of the total read. The typical errors were in their 
order of frequency: 1) omitted letters, 2) the marking falling at 
the side of the letter, 3) incorrect markings. 
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Two different types of alcohol intoxication are illustrated in 
fig. IG. I being before alcohol, and II after. 

In fig. 16 A the number of letters correctly marked (BC) di- 
minished from 116 to 23, and the total number of letters read 
(BT) from 127 to 49 at a blood alcohol concentration of 1.88 •’/oo- 
In the other case, another subject, the difference in quantitative 
performance was less marked: BC diminishing from 153 b to 145 
and BT from 165 to 161, but the atactic handwriting was more 
evident: the blood alcohol concentration was 0.88 °/oo' 

In Figs. 17 (BC) and 18 (BT) the average curves of experiments 
on 17 subjects were given, plotted against time in absolute values 



Fig. 18. Bourdon test (total number of letters marked). 
Blood alcohol ciirrc. 

■ — 11 — ■ Deviations in control experiments (log. diff.). 

• — % — • » » alcohol > > > 

X X X > > > > (absolute values in total number 

of letters read in 4 min.). 

ns well as in log differences. The absolute values followed a course 
opposite to that of the blood alcohol curve. The log differences 
were plotted with changed sign (-f- in stead of — , cf. p. 16) to 
show the impairment in function. 

The impairment of the results increased tvitli increasing blood 
alcohol, and often showed a maximum before the maximum blood 
alcohol wn.s reached. Then a rather horizontal course followed for 
one or two hours, in spite of the blood alcohol decreasing. After 
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that the log differences decreased with the falling part of blood 
alcohol and reached normal values before the blood alcohol had 
returned to normal. 

The more or less horizontal part of the curve will be due to 
factors other than the influence of alcohol as it proceeds inde- 
pendently of the increase or decrease in the blood alcohol curve. 
One reason for this is the same mechanism of compensation 
which was observed in the subtraction test. Another reason 
will be the greater effect of alcohol during its increasing phase 
than during the falling. The taking of alcohol thus immediately 
impairs the attention and concentration of a subject. Then the 
compensating mechanism sets in, by means of an increased will- 
power or mental strain, which results in an increased concentra- 
tion. This counteracts the influence of alcohol, and the effect 
measured by the number of the letters marked is the resultant 
of the action of alcohol and the amount of will-power mobilized. 
With the fall of blood alcohol the performance improves. 

Another factor which also counteracts the effect of alcohol is 
the influence of practice. With the technique adopted the influence 
of practice was rather negligible (fig. 17 and 18 ■ — ■) but may 
have accounted for part of the horizontal course, as it plays a 
greater role during the first tests than later in the day, where 
fatigue comes in. 

The log differences, finally, were plotted against the blood al- 
cohol concentration, during the decreasing phase of the alcohol 
curve, which is illustrated in figs. 27 and 28 (•-—•). The ap- 
pearance and disappearance thresholds for the symptoms are 
given in table 6, cols. 1 — 3. 

Por both BC and BT the appearance thresholds are lower than 
the disappearance ones. The explanation for this, which also ap- 
plies to the subtraction test, where the same phenomenon was ob- 
served, is that some kind of compensation sets in after the alcohol 
effect has begun. This causes the symptoms to return to normal 
earlier, i. e. at a higher blood alcohol level, than would have been 
the case, had no compensation taken place. 

The thresholds were of the same order of magnitude as for the 
subtraction test, i. e. higher than for sensory and motor functions. 

The slopes of the regression lines were not very steep, and the 
degree of intoxication at e. g. a blood alcohol concentration of 
1 “/oo only 139 and 126 % (BC and BT resp.). 
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Variability of a Single Determimtion. The tests showed a varia- 
tion of a single determination of 5.4 — 20.3 % (table 6, col. 5), 
when ascertained from double determinations, carried out with an 
interval of 30 — 40 minutes. 

During the day. If calculated from a series of experiments during 
a whole day (table 6, col. 8) the variation rose, its range bemg 
8.5 — ^72.2 %. If the figure for the modified Eomberg is omitted 
the variation will be 8.6 — 26.0 %. 

The greater variability during a whole day will primarily be 
connected with the influence of practice and fatigue which may 
play a role in these circumstances (9 determinations in 6 — 7 
hours). These two factors were shown to coimteract each other 
with' regard to the mean for all fimctions except the subtraction 
test (p. 64), as the absolute values of the functions did not change. 
On the other hand, the increase of variability wiU be due to 
fatigue; the great difference between the variability of a single 
determination and that during the day in the modified Romberg 
position is no doubt due to this function being highly influenced 
by fatigue. 

It is striking that so widely differing methods as tests on sensory, 
motor and psychological functions, with one exception, show a 
variability which is of the same order of magnitude. Crozier, 
"Wole and Zerrahn-Wole (1937 b) stated the interesting fact 
that the values of the percentage error of a function are of about 
the same order of magnitude in very different sensory effects: in 
measurements of auditory intensity, discrimination in judgements 
of differences in lifted weights and in tests on flicker visual func- 
tions with the human eye. Crozier and Holway (1940 a) found 
the percentage standard deviation of the flicker response curve 
to be 10 — 15 %, and to remain constant in spite of variations 
in flicker frequency or in brightness for fusion. They consider 
the percentage standard deviation, which applies also to the loga- 
rithmic variance, to be constant and a property of the reacting 
organism; not only within the range of error for one and the same 
function at a given level in different individuals, but also for 
different functions, and finally in one and the same individual 
under widely differing conditions. 

My findings are in full accordance with these arguments; the 
mean variability (o’,) of the functions studied was under normal 
conditions 9.0 %; But the analogy might be extended. A prelim- 
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Table 

Basal Values and VariabilUp of 


j 

. Test 

t 

\ 

1 

i 

Basal Values 


dumber 

of 

Indi- 

viduals 

Log 

Abs. Value 

Between Single 
Determinations 

Log 


Abs. 

Value 

1 

2 

3 

4 

S 

6 

! 

1 Flicker test .... 

29 

2.681 -t-O.0777 


0.0S55 

8,82 


■ Corneal test .... 

18 

I.476-S-0.0458 

29.9 mm Hg 

0.0333 

7.66 

2.29 

j Stand. Stead. (ord. Tib) 

39 

2.479 ±0.0242 

301.3 mm* 

0.0261 

6.00 

18.07 

1 > > (jTiod.Ilb) 

39 

2.923 ±0.0842 

837.6 mm* 

0.0882 

20.29 

169 

j Finger-Ficger test . 

37 

2.300±O0159 

199.5 mm* 

0.0S56 

8.19 

16.85 

1 Subtraction test . . 

37 

1.63B-2±0.026G 

0.431 min 

— 

— 

— 

1 Bourdon test (BC) . 

29 

2.095±0.0139 

124.5 letters 

0.0235 

5.41 

6.74 

1 > > (BT) . 

29 

2.146 ±0.0126 

140.0 > 

0.0302 

6.96 

9.73 


inatj’ calculation of the percentage error under alcohol intoxi- 
cation was made uith two methods: the finger-finger test and the 
subtraction test (pp. 60, 65). 

The differences between double trials, in absolute values as well 
ns in logarithms, were plotted against the mean of the two trials, 
expressed in the same units. The absolute differences showed an 
increase with increasing mean, whereas the logarithmic differences 
were approximately constant. 

As the mean rose with increasing blood alcohol concentration, 
the findings imply that the absolute value of the standard devia- 
tion increased with increasing blood alcohol: the scatter of, the 
performance- augmented. The logarithmic variance remained 
constant, which implies that the percentage scatter did not alter 
with the changes in blood alcohol. Finally, the logarithmic variance 
was of the same magnitude as that under normal conditions, which 
is another reason for using logarithms and logarithmic variances 
for the evaluation of tests. 

VariahiUttj from day to day. The variability from day to day 
showed no significant changes from the variations during the day. 
Tile results were not consistent, but suggest a slight increase which 
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Tests under Normal Conditions. 



V a r 

i a b 

i 1 i i 

y (<r) 




1 

During the Day 

From Day to Day 

Between Individuals 

Log. 

a 

Abs. 

Value 

Log 

% 

Abs, 

Value 

Log 

% 

Abs. 

Value 

7 

8 

9 

10 

11 

12 

13 

14 

15 

0.05G98 

13.10 


0.07G8 

17.68 


0,4184 

96.34 


0.04276 

9.84 

2.94 

0.0343 

7.90 

2.37 

0.1943 

44.74 

13.88 

0.1127 

25.95 

78,19 

0.0587 

22.72 

68.47 

0.1511 

34.79 

104.82 

0.3138 

72.25 

605.09 

0.88G 

77.36 

646.87 

0.5260 

121.12 

— 

0.06694 

15.41 

30.74 

0.0902 

20.77 

41.46 

0.0968 

22.29 

44.47 

0.05260 

12.11 

0.052 

0.0808 

18.G0 

0.080 

0.1620 

37.30 

0.161 

O.03864 

8.87 

11.04 

O.0346 

7.97 

9.92 

0.0762 

17.33 

21.58 

0.03713 

8.54 

11.9G 

0.02GO 

5.93 

8.37 

0.0658 

15.16 

21.21 


supports tlie procedure of relating a value found to tlie basal value 
of the day. 

Between individimls. The vai'iability between individuals showed 
certain interesting features. The Bourdon and the finger-finger 
test had the least variations, and the modified Komberg the 
greatest. As the variability was calculated from the logarithmic 
variance, the largest variability, that of modified Romberg, 
could not be transformed to absolute values (p. 19). Fox all tests 
beside the modified Rojiberg the variation behoeen individuals 
exceeded the variation within. This was proved by analysis of 
variance for the 12 control experiments, which were performed 
on 12 different subjects, and the variation within based on 8 
values. 


Alcohol Experiments. 

A survey of the results of the methods used after alcohol inges- 
tion is given in table 6, u ere the data of average curves are pre- 
sented, and in table 12, where means of individual curves are given. 

The plotting of the degree of disturbance against time shows the 
approximate coincidence with the blood alcohol curve. This fact 
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which has been proved in man by a great number of investigations 
on one or another function (Vernon 1919, Mellanby 1920, 
Hamjiarsten and Liljestrand 1922, Miles 1924, Graf 1933, 
Bahnsen and VedeL'Petersen 1934, Schmidt 1934, Wierenga 
1935, Elbel 1937, Danger 1939, Newman and Fletcher 
1940) strongly indicates a causal connection between blood 
alcohol and the degree of intoxication 

Only few attempts are made to correlate quantitatively the 
degree of disturbance and the blood alcohol concentration, Ver- 
non (1919) reported a rectilinear relationship to exist between the 
effect, as measured by his “target” method, and blood alcohol, 
Graf (1933) measured the degree of disturbance with psycho- 
technical methods as percentage increase from normal, which was 
termed as 0 %, and tentatively fitted the data of one case by a 
second degree curve. This would imply that the degree of disturb- 
ance grew proportionately to the square of blood alcohol. In a 
second case the percentage decrease from normal was plotted 
against blood alcohol and treated in the same manner. He did not, 
however, prove that no other curve would fit his data equally 
well or better, 

Straub (1938) reported similar experiments on 16 subjects 
and interpreted his results as confirming the findings of Graf: 
the percentage of errors to increase proportionately to the square 
of alcohol. Unfortunately his original values were not published. 

My findings suggest an approximate rectilinear relationship 
between the logarithm of the symptom, or the logarithmic 
difference which gives the same curve, and the blood alcohol 
concentration during the decreasing part of the blood alcohol 
curve. 

The relationship during the decreasing part, when absorption 
is completed, favours the assumption that “tissue” alcohol, if in 
the brain or somewhere else in the central nervous system, causes 
the disorder rather than blood alcohol. The tissue alcohol lags behind 
the blood alcohol, which is due to the time factor of the diffusion 
processes (Goldberg 1937 a, Teorell 1937 a, b, Berggren and 
Goldberg 1940), and therefore the strict correlation between 
blood and tissue alcohol is not withheld before absorption and 
distribution are completed. — The straight relationship was not 
found until 140 — 160 minutes after ingestion, thus approximately 
after completed distribution. 

The same relationship was also found during the increasing 

Q— 433286 
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part of the curve by grapWcal computation. The facts suggest the 
rel.ition to he part of a general mechanism as the t^vo relation 
curves, the increasing and the decreasing one, coincided approxim- 
atelv as to slope, but differed as to threshold value. 

As to the possible theoretical bearing of the correlation found, 
the following can be said; 

As far as the flicker test is concerned, the correlation between 
log intensity and blood alcohol is in full accordance with other 
findings on that function (Gr.axit et al. 1930, Crozier et al. 
1937 — 41, i'kIcPARL.VND and Halrerix 1940). As to the other 
functions tested it is a striking coincidence that all functions 
approximately showed the same correlation between the logarithm 
of a function and the blood alcohol. This is not in accordance with 
the IVeber-Fechner law of the psycho-physical correlation, which 
implies the correlation between the logarithm of the undetermined 
variable and the absolute value, of the determined variable, in 
this case the function tested. 

On the other hand, other curves, too, have been discussed to fit 
experimental data; the probability curve and the curve of 
quantum discrimination, etc. No attempts have been made, how- 
ever, to correlat-e the data presented with any of these theories. For 
practical purposes the rectilinear relationship found between log 
function and blood alcohol yielded satisfactory result as to agree- 
ment with e.xperimental e\ddence. The curve allowed for computing 
the appearance and disappearance thresholds, its slope was an 
expression of the rate at which alcohol influences the interaction of 
the central nervous system, and it permitted ^vithin the ranges 
of error the calculation of the possible degree of intoxication at a 
given blood alcohol percentage. 

Appearance ihrcshold. The absolute values of the average appear- 
ance thresholds (table 6, column 1) were only approximate, 
this relationship being evaluated graphically and based on only 
few valuo.s (p. 22). Their range was 0.31 — 0.65 and no signifi- 

cance will be attributed to possible differences. The mean 
values for the three groups of functions were of the same order of 
magnitude. The sensory functions had a mean appearance threshold 
of 0 • the motor functions of 0.48 °/eo, and the psychological 

functions of 0.-?6 ’’/ c , the differences not being significant. 

Difnppraranrc threshold. The average values of the disappearance 
threshold (tabic G, coi. 2) indicate a certain difference between 
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the groups, the sensorj functions having the least (0.46 ®/oo)> 
and the psychological the highest treshold (0.72 ®/oo) in relation 
to motor functions (0.61 o/oo). That means that the disorders 
ofthe sensory functions lasted longest, and those of the psycholo- 
gical functions disappeared first. 

Whencomparingthe appearance and the disappearancethresholds 
(table 6, column 3), tvro things -were visible; firstly, that the 
disappearance thresholds as a whole showed somewhat higher 
values than the appearance ones; and secondly, that this diffe- 
rence varies from function to function in a regular manner. For 
the sensory functions the thresholds coincided, the mean diffe- 
rence being -|- 0.02 ®/oo; for the motor fimctions the mean diffe- 
rence was 0!13 and for the psychological functions -f- 0.27 
®/oo. One of the causes of this difference in appearance and dis- 
appearance thresholds will no doubt be coiHfensaiion. 

Holmes (1917, 1939) points to the fact that symptoms of acute 
cerebellar injury (gun-shot etc.) gradually decrease in intensity 
and may in time disappear. This fact has been explained by com- 
pensation by other parts of the nervous system. But even in the 
acute stages of disease the disturbances may be to some extent 
reduced by training and by concentrated effort: “the patient 
learns to compensate”. As learning is predominantly a function 
of the higher levels of the nervous system, the cortex, and espe- 
cially those parts of it concerned with the integration of voluntary 
movements, probably play a large part in compensation (Holmes 
1939). 

Applying my findings to this theory of compensation would 
imply that no compensation exists for the sensory functions, as 
far as they are involuntary. A certain amount of compensation 
"Was found for the motor functions, and a considerable for the 
psychological functions. This also explains why the psychological 
functions were most influenced by practice. 

The same phenomenon was indicated by another fact: When 
plotted against time, the course of intoxication followed that of 
blood alcohol. A closer study revealed that the maxima of distur- 
bance of the two sensory functions showed a tendency to occur 
later than the blood alcohol maximum (figs. 6 and 8). The maxima 
of the degree of disorder in the motor functions coincided with the 
blood alcohol maximum (figs. 10, 11, 14), whereas those of the 
psychological functions appeared decidedly earlier than that of 
blood alcohol (figs. 15, 17, 18). These facts likewise indicate a 
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difference in tlie rate of disappearance, the psychological func- 
tions shomng the earliest improvement, and the sensory the 
last. 

Slope. The slope of the line of regression (table 6, column 5) 
indicates the rate at which the alcohol influences a function. It 
is evident from table 6, that the motor functions are influenced at 
the highest rate: a slight increase in blood alcohol over the threshold 
value is followed by an enormous increase in degree of dis- 
turbance; an increase of 1 ®/oo e. g. for the ord. Eomberg test by 
8422 % (table 6, col. 8). 

One of the conditions for a good test was that the increase due 
to alcohol, i. c. the slope of the regression curve, must differ signif- 
icantly from the experimental error. The slopes were related to 
their experimental error, and for simplicity expressed as products 
of the logarithmic standard deviation during a day (table 6, 
col. 4, which is identical with table 5, col. 7). The figures give an 
approximate value of the slope in “Ud-units”. They all show high 
values, and the motor functions the greatest, in spite of their larger 
variability, indicating these tests to be impaired to a high degree 
and suited for significant evaluation. The subtraction test was 
the least suitable, this being due to practice not being ruled out, 

A graphical evaluation of the slopes of the increasing curves 
gave no significant change from the decreasing ones. 

iMELLAXBY (1919, 1920) and JIiles (1924) claimed that a given 
lieight on the rising side of the alcohol curve is accompanied by a 
much .stronger measurable effect than is the same concentration 
level on the declining side; the same has been reported by other 
observers (liliRSKY cl nl. 1941, Lixde pers. comm.). My findings 
support these juincipal suggestions as to the difference between 
increasing and decreasing blood alcohol, and elucidate that tins 
phenomenon did not exist for the sensory functions tested, but 
was seen for motor, and marked with psychological functions. 
One of its charactcri.stic features was the lower appearance 
threshold for the symidoms. As the relationship was rectilinear 
between logarithm of symptom and blood alcohol, tliis implies 
that a given increase in blood alcohol over the threshold value has 
a much stronger effect on the rising side; equality of loga- 
rithmic slopes means widely different slopes of the absolute curve, 
if they are entered on differing levels. 

Varinhilitij of thresholds bctirecn individuals. The graphical 
computation of the indi\'idiml disappearance thresholds was given 
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in table 12, cols. 4 — 6. It Avas tentatively computed that tbe 
variation between individuals was about 30 %, and was signifi- 
- cantly greater than tbe error of a single tbresbold. Moreover, by 
grapbical computation according to Bliss (1938) it was proved 
that tbe tbresbolds were approximately normally distributed. 

Tbe disappearance tbresbolds are an expression for tbe tolerance 
to alcohol of an individual. Thus these results suggest tolerance 
to alcohol to be normally distributed, and tbe differences between 
individuals to be larger than tbe experimental error, which means 
that tolerance mries at random from individual to individual 
within a homogenous group of individuals. 

Summarizing tbe facts about tbe variabibty of tbe methods used 
and their appbcation for testing alcohol intoxication, it may be 
stated that the sensory functions were influenced at tbe lowest, and 
tbe psychological at tbe highest blood alcohol level. As to tbe 
magnitude of departure from normal, tbe motor functions were most 
influenced, both absolutely, as indicated by tbe values in table 6, 
column 7, at a level of 1 “/oo. and relatively: they showed tbe highest 
slope and the greatest departure from normal at a given increase 
in blood alcohol concentration (table 6, col. 8). 

As to the question about practical applicability, all tests yielded 
results if related to a basal value. Can a basal value not be obtained, 
quantitative records of the motor functions, primarily the ordinary 
Romberg position, show departures from normal which widely 
exceed the variation between individuals. If the values of the 
slopes (table 6, col. 6) are expressed in “(T<-units”, and the inter- 
individual variations (table 5, column 13) are taken as the 
different tests, in the sequence flicker, corneal, ordinary Romberg, 
modified Romberg, finger-finger, subtraction, Bourdon (correct) 
and (total), give 0.861, 2.03, 12.72, 5.83, 5.37, 1.70, 5.96 and 6.65 
“Of-units”. Thus fhcker frequency, corneal sensibility, and sub- 
traction test are not suitable absolute tests on the degree of 
alcohol intoxication. 

On the other hand, the influence of practice after a few prelim- 
inary trials and of variations from day to day is negligible (cf. 
the difference between cols. 5 and 8 in table 5); thus a basal value 
can be procured on another occasion, the next day etc., which 
improves the suitability of the tests for practical purposes most 
considerably. 



PART IL 


The Influence of Food Intake on 
Alcohol Tolerance. 

A considerable number of investigations on animals and in man 
have established that the concentration of alcohol in the blood 
has a different course if the alcohol is taken on an empty stomach 
or with food. In the latter case that part of the curve which is 
due to absorption is prolonged, and its maximum is lower and 
appears later than in fasting. The diminution in height can cor- 
respond to as much as 10 — 20 % of the total amount ("WiniLAnK 
1910). Further the distribution phase is no longer characterized 
by its steep decrease, but it becomes smoothed out and can follow 
a horizontal course for a shorter or longer period of time. Finally, 
the rate of decrease during the post-absorptive part of the curve 
differs widely from case to case. 

MelIjAKBy (1919) in experiments on dogs attributed these 
changes to the delay of absorption, which was most influenced 
when the food taken contained milk and fat. Haggabd, Green- 
berg and IjOLJjZ (1941) also found that milk had the greatest 
effect in man, but butterfat exercised the least influence on ab- 
sorption. 

WiBM.^RK (1933, 1934) in experiments on dogs and in man 
stated that not only absorption was delayed, but that in some cases 
the blood alcohol concentration never reached those values which 
were fotind vrhen alcohol vras given on an empty stomach, thus a 
lowering of the whole alcohol level under food conditions. On the 
basis of experiments with Neym.\rk (1936 a), Widmark claims that 
this disappearance of alcohol is due to part of the alcohol never 
being absorbed as such. He ascribed this to the alcohol being 
bound to .“^ome constituent parts of the food as proteins and amino 
acids, r. g. glycocol, by means of an ester-formation. 
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His observations were criticized by Haggard and Greenberg 
(1940) and Eggleton (1940 a, b). The first mentioned authors 
concluded from experiments on rats that glycocol induced a pro- 
longed retention of alcohol in the stomach, and a correspondingly 
retarded absorption, enabling the alcohol to be oxidized as rapidly 
as it was absorbed. The concentration in the blood was thus kept 
down to an extremely low value, and no theory of ester-formation 
was necessary to explain the lowering of the blood alcohol level. 
Their results cannot however be applied to man. The mucous 
membrane of the stomach of the rat differs in its anathomy 
from that of man, which involves a different mechanism of ab- 
sorption. In the rat only a slight percentage of the alcohol 
ingested is absorbed in the stomach and only concentrations up 
to 6 % (Dyeing and Easmussen 1940), whereas in man 20 — 
50 % of the alcohol ingested is absorbed already in the stomach 
and up to a concentration of 30 — 50 %. 

Eggleton (1940 a and b) reported that in cats the disappear- 
ance of alcohol when ingested with food besides bemg due to a 
possible ester-formation according to Widmark (1934), was also due 
to the specific-dynamic effect of amino acids, e. g. alanin, on the 
metabolism of alcohol. The alcohol was said to be combusted at 
a higher rate duriog absorption than at subsequent periods of 
alcohol metabolism. This would induce deviations from the ordi- 
nary fasting alcohol curve and appear as a loss of alcohol. As 
Eggleton found an exponential curve to fit the blood alcohol data 
of cat during fasting, this makes her conclusions not applicable to 
the results iu man, where a rectilinear curve dominates (p. 23). 

Concerning the degree of depression of the blood alcohol curve 
Miles (1922 a) claims this to be due to the diluting effect of the 
contents of the stomach, e. g. food, on the alcohol ingested, weak 
alcoholic solutions being absorbed at a slower rate than more 
concentrated ones. This would be in full accordance with the 
diffusion theory of absorption and is supported by the observa- 
tions of Berggren and Goldberg (1940) who in experiments on 
animals and human beings found the absorption of alcohol in the 
stomach to follow the laws of diffusion. 

The experiments of Elbel and Lieck (1936) showed the same 
tendency. They found the blood alcohol level to vary with the 
quantity of food ingested. Their results thus do not confirm the 
observations of Jungmichel (1933), which implied the caloric 
intake to determine the blood alcohol level. 
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Experiments on the degree of intoxication after alcohol taken 
with a meal all show an obvious decrease in the intensity of the 
alcohol effect produced, as compared Tvith the action of alcohol 
when taken on an empty stomach (Weissenfeld 1898, Vogt 
1910, Verxon 1919, McDougall and Smith 1920, Hammarsten 
and LTLJESTRA^*D 1922, Miles 1922, 1924, Blotner 1939, 
Daxger 1939, and Haggard, Greexberg and Lolli 1941). 

These facts are easily interpreted as the consequence of the 
lowered blood alcohol curve in these cases, which has been em- 
phasized by H.-VM3LVRSTEK and Liljestraxd, Miles, and Blotter 
among others. No investigations, however, have been made on 
the possible relationship between the decrease in effect and that 
of the blood alcohol level. The following experiments are intended 
to give an orientation on this problem, approached by means 
of quantitative measurements of a series of different functions 
according to the methods already described in Part I. 


Experiments. 

The experiments on the action of food on blood alcohol and 
on the degree of intoxication w’ere divided into two parts. 

In a preliminary series of seven experiments each subject 
sen'cd only for one experiment, and the alcohol was taken either 
with a slight meal consisting of one slice of bread and butter or 
a bit of sponge-cake, or one and a half hours after a meal. 

In the final series, comprising twelve experiments in aU, the al- 
cohol was taken at the end of a substantial meal (p. 12). Six 
subjects took part in this series, each serving for two c.xperiments, 
one without and one with food. The technique used was that 
already described in Part I. 


Tho Blood Alcohol Curve after Pood. 

The influence on the blood alcohol curve of a meal, taken "with 
the alcohol, is illustrated in fig. 19 A, B, C. In each figure the 
fully drawn curves correspond to the blood alcohol level when 
the alcohol was taken on an empty stomach and the dotted curves 
correspond to the alcohol level after the taking of the same 
quantity of alcohol with a meal. 
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Tlie “food curve” in fig. 19 A shows a large depression in rela- 
tion to the fasting curve with a low maximum and a slowlj 
decreasing part. This finding must be interpreted as the result of 
a great delay in absorption both as concerns rate and time, ab- 
sorption continuing for 4 — 6 hours. 

In the case, illustrated in fig. 19 B, a plateau formation was 
maintained for 2 — 3 hours after a delayed absorption period. The 
horizontal course was then followed by a rather rapid fall. The 
horizontal course of the curve must imply that absorption and 

^ s c 



Fig. 19. The influence of a meal on tbe blood alcobol curve. 

• — ■ • Alcobol taken on an empty stomach. 

O — O > > > witb a meal. 

(Explanation see text.) 

distribution on the one hand and combustion on the other bal- 
ance each other. When absorption was completed, distribution 
was still maintained which caused the rapid fall of the post- 
absorptive phase. 

finally, in fig. 19 C, a case is illustrated where the post- 
absorptive period had a parallel course to that of the fasting 
curve. The explanation vdll be that absorption in this case was 
delayed to such an extent that the maximum appeared later and 
the normal over-shooting of alcohol was prevented. The distri- 
bution phase was not reflected in the blood alcohol curve as 
under fasting conditions and the rate of disappearance of alcohol 
from the blood stream during the post-absorptive period was 
the same as in fasting. 

All of these cases together with the experiments of the preli- 
minary series support the assumption of Wilmaek of the loss of 
alcohol: In no case did the level of the “food” blood alcohol 
curve reach the values of the “fasting” curve. 
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WiDMARK (1932) and Neyjlark andWiDMAEK (1936 b) pointed 
cleatlr to the fact that the factors p and r are only to be cal- 
culated -when alcohol is taken on an empty stomach. 

The calculation of the factor ^ or r respectively from the de- 
creasing: part’ of the curve under food conditions is very difficult 
in most cases because of the irregular course of the alcohol curve. 
An attempt v'iis made to obtain an approximate value of /5. 
These wiiiies are given in table 7, and were generally computed 
with the blood alcohol value after the maximum as first value 
for the calculation. They all showed a tendency to be lower 
than under fasting conditions. 

A computation of r under the same circumstances showed this 
factor to be decidedly higher than in fasting, and not only due 
to the lowering of ^ (Ney.mark and Widmark 1936 b), but also 
due to the fact that the whole curve was depressed in relation 
to the fasting curve. (Fig- 19 C). 

The possible loss of alcohol due to ingestion of food can be 
obtained in different ways, either from the change in or by 
means of a so-called “backward calculation” according to WiD- 
MARK (1932). Both ways gave a possible loss of alcohol of about 
40 %. Similar figures were found by Sc^^aDT (1937) and Elbel 
(1937). 


Alcohol Tolerance after Food. 

The degree of intoxication following the taking of alcohol 
with a meal was ascertained on six subjects. On each subject 
two experiments were made, one w'hen the alcohol was taken 
on an empty stomach, and the other when it was taken with food 
within the last ten minutes of the meal (p. 12). The experiments 
were arranged as has been preriously described (p. 11). Thus eight 
different functions were studied during six to eight hours and the 
degree of intoxication referred to the prevailing blood alcohol 
concentration. 

The principal findings were exactly the same in all functions 
studied, and arc therefore not treated separately. A tj^pical result 
i.«. illustrated in fig. 20, which shows the changes in brightness 
for fusion after alcohol ingestion in fasting and after a meal. 

In fig. 20 (upper part) the changes were plotted against time. 
The course of log brightness followed the hlood alcohol curve 
during fasting as well as after food, increased with the increasing 



TaMo 7. 

Comparison of Alcohol Factors after Ingestion of Alcohol on an Empty Stomach and after Food. 
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p.irl of the ciirvo, its maximum appearing at approximately the 
satiic time as the blood alcohol maximum, decreased with the 
decreasiuE pari of the alcohol curve, and reached its basal value 
before the blood alcohol had returned to normal. The degree of 
intoxication vas, however, decidedly lower after food (O O). 
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Fig. 20. 'File infinence of a meal on the changes in brightness for -fusion 
.after alcohol ingestion. Mean of 6 experiments. 


Log intensity plotted against time in the upper graph and 
against blood alcohol in the lower. 

Blood alcohol (fasting). 

, , (after a meal). 

• • Log intensity (fa,sting). 

O O » > (after a meal). 


Referring the degree of intoxication to blood alcohol (fig. 20, 
lower part) show.s two facts. The first is that the rectilinear 
relationship during the decreasing part of the alcohol curve 
between the log brightness and the concentration of blood 
alcohol (p, 34) was maintained also under food conditions. 
The second that the rolationshii), representing the correlation 
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between log symptoms and Hood alcohol in the food experiments 
coincided completely with that found in fasting. 

A surrey of the threshold values of the decreasing part of the 
disturbance curves and the slopes of these curves, when referred 
to blood alcohol, is given in table 8. No significant changes be- 
tween the threshold values in fasting or after food were found, nor 

Table 8. 

The Influence of a Meal on the Relationship between log Symptoms 
and Blood Alcohol Oonceniration, 

Disappearance Thresliolda and Slopes of Eegression Lines after Alcohol Taken 
on an Empty Stomach (E) and with a Meal (F). Mean of six Experiments. 


Teat 

Disappearance Threshold 
("/oo) 

Slope j 

(log units) 1 

E 

F 

Diff. 
(P— E) 

E 

P 

Diff. 
(F— E) 

Flicker test .... 

0.40 

0.41 

+ 0.01 

0.34 

0.40 

+ 0.06 

Corneal test 

0.44 

0.66 

+ 0.12 

0,60 

0.49 

- O.Ol 

Stand. Stead. (ord.Rb) 

0.62 

0.51 

-0.11 

2.80 

2.10 

— 0.70 

> » (mod. Rb) 

0.50 

0.58 

+ 0.08 

2.51 

3.09 

+ 0.68 

Finger-Finger test . 

0.69 

0.60 

— 0.19 

0.94 

0.64 

- 0.30 

Subtraction test . . 

0.63 

0.64 

+ O.Ol 

— 

— 

— 

Bourdon test (BC) . 

0.65 

0.67 

— 0.08 

0.61 

0.98 

+ 0.37 

» » (BT) . 

0.62 

0.60 

— 0.02 

0.41 

1.23 

+ 0.82 

Mean 



— 0.022 



+ 0.14 


between the corresponding slopes. The variations were within the 
range of errors, and no significance can be attributed to possible 
differences between single fimctions. 


The conclusions of these experiments are that the decrease in 
the degree of intoxication which followed the talring of alcohol with 
food, corresponded to the alterations in the blood alcohol level. 
The relationship between the symptoms and the concentration of 
alcohol in the blood ascertained during fasting conditions, was 
maintained within the range of error when alcohol was taken 
with food. 

This suggests that the effect of a meal on the symptoms fol- 









LEOKAKD GOLDBERG. 


9i 

IcMvmg alcohol ingestion is purely physical, due to the lowering 
effect of food on the concentration of alcohol in the blood. The 
effect is probabh' not due to any specific action of digestion 
products on the sensitivity of the central nervous system to the 
influence of alcohol. The experiments strongly support the as- 
sumption that in one and the same individual the blood alcohol 
level determines the degree of intoxication following the intake 
of alcohol. 



Tlie Influence of Habituation on 
Alcohol Tolerance. 

Experiments on Abstainers, Moderate and 
Heayy Drinkers. 

Hahitwtion to a drug in its pharmacological sense means the 
changed reaction of the organism to the prolonged use of it, general- 
ly in the direction of an increased tolerance. This implies less 
obvious symptoms after doses, which would cause marked disturb- 
ance in an unhabituated individual. 

The phenomenon of addiction must not be confused with that 
of habituation. Addiction primarily means the inability of an 
individual to withdraw from the prolonged use of a drug in spite 
of, or maybe due to, its deleteriotis effect on the organism. If 
addiction is combined with habituation, the individual must 
augment the dose administered in order to produce the desired 
effect. Moreover, abstinence symptoms, i. e. disorders owing to the 
withdrawal of the drug, also form part of the conception of addic- 
tion. It has now been unquestionably proved that habituation 
and addiction to drugs does exist, e. g. to narcotics belonging to 
the morphine group. As to ethyl alcohol, opinions differ widely. 

Experience suggests that people differ in their reaction to the 
intake of alcohol and that abstainers behave differently from 
those used to occasional or daily alcohol consumption. 

The first question is whether any evidence exists for this em- 
pirical assumption, i. e.: Do there exist differences in tolerance to 
alcohol between individuals, and can these be attributed to their 
alcoholic habits, or can the differences be explained by the varia- 
tions in tolerance, which are known to exist among a population? 

Evidence of varying tolerance to alcohol is now accumulating, 
especially as the result of medico-legal examination after traffic 
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accidents. The differing criteria for diagnosis are one of the causes 
of the apparent divergence in tolerance (p. 46), but even after the 
eUniinatlon of that source of error there remains an e^ddent diffe- 
rence in tolerance betveen single indi\dduals, some people being 
influenced even at the concentration of alcohol in the blood of 
0.5 corresponding to 0.3 to 0.4 g ale. per kg, others not until 
concentrations over 2 Vea, corresponding to 1.5 g ale. per kg. 

Only tvrool'.servers seem to have tried to analyse a clinical material 
of v.irvme tolerance with regard to habituation to alcohol. Tetter 
(lf'3Sa) c.vaminecl 1,000 patients with acute alcoholism and cor- 
related clinical criteria of intoxication and blood alcohol. The re- 
sults were compared with similar observations on 20 abstinent 
individuals, who were given 1 to 2 cc alcohol per kg (Tetter 
193S b). At a blood alcohol concentration of 2 7 od, 83 % of the 
chronic alcoholics were clinically intoxicated as compared with 
100 % of the occasional drinkers. 

HASSF.LBAr.ciT-L.\RSEX (1940) examined 164 cases of acute 
alcoholism, di^'ided up into normals, psychopathies and chronic 
alcoholic drinkers. The diagnosis of alcohol intoxication was 
nscortainod by means of a clinical examination, and di\aded into 
five degrees varying from “slightly influenced” to “inebriated”; 
the result was referred to the concentration of alcohol in the blood. 
This observer found tliat a difference ndth respect to tolerance 
existed between the three groups examined, the chronic alcoholic 
addicts being less, and the psychopathies slightly more influenced 
than normal individuals at one and the same concentration of 
alcohol in the blood. 

In lahoTatory work, however, only single experiments have 
been carried out on the possible influence of habituation in man. 
Nkumaxx (1899), in experiments on himself, reported that the 
psychological effects of alcohol gradually decreased with the 
prolonged use of alcohol, and parallel to the decrease of nitrogen 
elimination in the xirinc. 

Using psycho-technical methods to measure the degree of 
disturbance after alcohol ingestion, Verxox (1919) found a de- 
creased effect of alcohol on one individual used to taking large 
quantities of alcohol in comparison . with an. occasional drinker, 
and the same was reported by Grae and Flake (1933), 

The experiments of Kurz and Kraepeltx (1901) failed to show 
any effect of habituation on the performance of an addition test 
etc. This was referred by the authors themselves to the short 
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period of habituation being only a fortnight. V ogt (1910), Frank 
( 1926) and Eiegel (1925), in experiments on themselves, saw 
less effects of alcohol on performing a psychological and a psycho- 
motor test: their results are, however, not fully reliable owing to 
the uncontrolled influence of qualitative changes in the perform- 
ance of the tests, which lasted for 2 — 3 months. 

Thus, e%ddence based on statistical evaluation of clinical examina- 
tion favours the assumption that there does exist an increase in 
alcohol tolerance with the degree of habituation, which is not 
contradicted by the tentative experimental findings in man. 

As to studies on the possible factors which might lie behind 
habituation, workers in this field have primarily searched for 
changes in the blood alcohol level to explain the lowering of the 
degree of intoxication. 

In man, Miles (1922) and Graf and Flake (1933) in experi- 
ments on each one habitual, found no change from the curves of 
normal indmduals. Bernhard and Goldberg (1935) followed 
the course of the blood alcohol curve after alcohol ingestion in 
19 alcoholic addicts, and compared the results with similar ex- 
periments on a large number of normal individuals. They stated 
that practically no difference existed between normal individuals 
and alcoholics as far as the rate of disappearance of alcohol from 
the blood {§) and the distribution ratio (r) was concerned. As to 
the rate of absorption their results suggested a more rapid absorp- 
tion in alcoholics than in normal individuals. They concluded from 
their experiments that habituation or addiction to alcohol in man 
is not explained by changes in the blood alcohol level. Their 
findings were confirmed by Schmidt (1937) and Siegmann (1938), 
who likewise found no difference between alcoholics and normal 
individuals vdth regard to the blood alcohol curve. 

These results in man are strongly supported by similar findings 
in animals. Levy (1935 a, b) and Newman and Lehman (1938) 
in rats, Faure and Loewe (1923) and Keeser and Oelkers 
(1937) in rabbits, and Voltz and Dietrich (1915), Balthazard 
and Larue (1921), Newman et al. (1936 a and b, 193/ a, b, 1938), 
and Neymark and Widmark (1938) in dogs found no changes 
in the rate of disappearance of alcohol from the blood after sub- 
mitting their animals to the prolonged use of alcohol for periods 
varying from one month to two years. There is no explanation 
offered for the diverging results of Pringsheim (1908) in rats and 
of Gettler and Freireich (1935) in dogs. Their results, inter-. 
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already stated (Jetter 1938), Hasselbalch-Larsen 1940, only 
tentative studies by Hansen (1925 b) and Danger (1939) have 
been made in man to compare tbe degree of intoxication in 
habituals and normal individuals with blood alcohol. Their results 
suggest a changed relation, but are, however, rather incon- 
sistent. The evidence from experiments in animals, on the other 
hand, has yielded conclusive results. 

In an extensive study on rats Levy (1935 a, b) proved a real 
habituation to exist, as the dose of alcohol necessary to produce 
anesthesia increased by 28 % and the lethal dose by 10 % in rats 
given alcohol daily for 1 to 8 months, as compared with normals. 
The rate of combustion was not changed (1935 a). The concen- 
tration of alcohol in the central nervous system was the same in 
both groups (1935 b). On the basis of these facts Levy concluded 
that habituation was due to the lowered sensitivity to alcohol of 
the nerve cells. 

Newman and Card (1937 a and b) and Newman and Lehman 
(1938) proved this to be true also in the dog. A number of dogs 
were accustomed to the daily intake of alcohol for varying periods 
of time. Nine different stages of alcohol intoxication were estab- 
lished by means of criteria of neuro-muscular in-coordination and 
referred to the blood alcohol level. The animals acquired a certain 
degree of tolerance after being fed with 10 % alcohol for three 
months. The habituated animals showed a less degree of disturbance 
of neuro-muscular co-ordination at moderate concentrations of 
alcohol than the controls, in spite of identical blood alcohol curves; 
vuth anesthetic doses no difference was found. The authors attri- 
buted this to the habituated organism being productive of a 
‘psychological adjustment for the long continued presence of 
alcohol in the brain, and of learning to compensate for this lack of 
co-ordination and removal of inhibitions (Newman and Card 
1937 a). After 7 months abstinence the same animals lost their 
increased tolerance and were as intoxicated as the controls; the 
blood alcohol curves still coincided (Newman and Card 1937 b). 
In order to establish whether the increased tolerance was due to 
changed nervous tissue permeability, increased cellular tolerance 
or psycho-motor compensatory mechanisms, analyses of the alcohol 
content of the brain of rats accustomed to alcohol for 5 months 
were carried out. The blood alcohol curves coincided for habi- 
tuated and control animals, whereas the brain alcohol was some- 
what higher, indicating an increased permeability of alcohol in 
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the liabituated organ jsm (Nkwmax and Lkiimax 1938). TJiey 
concluded that acquired tolerance to alcohol is primarily a tissue 
tolerance, whereby the cells of the central nervous system acquire 
the ability to function more effectively at a given alcohol con- 
centration than before habituation. 

So far we can say that habituation .seems not to be connected 
with cliangcs in blood alcohol, but with a changed relationship 
between symptoms and the blood alcohol level. Tliis assumption 
is tentatively suggested in man, and strongly supported by evidence 
on animals. 

Other theories, loo, on the nature of habituation to nleohol 
have been formed. With psychological tests referred to blood 
alcohol, ScuMiPT (1937) found no conclu.sivc differences between 
indivddiials with a differing alcohol consumption. He state.s that 
pharmacologically an linbituation will scarcely e.vist, and doubts 
the clinical conception, too, that an alcoholic really can imbibe 
large quantities of alcohol without being a])parently into.xicatcd. 
Tlie mechanism of the alcohol habituation in its clinical .sense i.s 
referred by him to two factors. The fir.st is that tlie consumj)tion 
is distributed over a long period of time uith no subsequent 
cumulation in compari.son with the nuiderate drinker, who oc- 
casionally takes tlic amount within a .shorter time interval. The 
second is that the habituated individual learns to compc7isali‘. 
psychically the symptoms of inioxicatiou, by speaking slowly to 
compensate a blurred speech, by wallcing cautiously to avoid 
disturbances of gait, etc. 

The concc])tion of a psychic compensation being a cause of 
habituation is adopted by several workers. VrEUKo (1938) states 
that the objective degree of disturbance is apjmoximatelv the same 
in an habituated and an nnhabituated individual; the .subjective 
difference is due to the difference in self-control and personality. 

Aa'dresen (1938) maintains that the degree of into.vication 
ascertained by clinical e.\amination depends i. a. on ‘‘the ability of 
the examined subject to pull himself together” and the influence of 
alcohol; people accustomed to consuming large quantities of alcohol 
would more easily pass the tests, as they have trained their abilitv 
to accomplish their functions in a state of inebriation. 

Mueller (1938) also accepts the idea that the habituated ac- 
complishes functions familiar to the drinker, even at high alcohol 
concentrations, but be performs special tests as badly as the un- 
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habituated. This is iu agreement with Heise (1934), who stated that 
alcohol intoxication primarily appears in actions that have not 
become a habit. Neither could Newman and Card (1937 a) in 
their experiments on habituated dogs completely rule out the 
factor of a compensatory mechanism. 

Summing up the reference on habituation there is as main fea- 
ture a certain probability for the existence of an habituation to 
alcohol in the pharmacological sense, even if this be doubted in 
man. - As to the nature of this phenomenon, it must now be consid- 
ered as established that no changes in absorption, distribution 
or combustion can explain the possible habituation. The factors 
to be counted with are clinical statements on an acquired ability 
of the habituated individual to compensate psychically func- 
tions familiar to him, and experimental evidence in animals of 
a tissue tolerance, i. e. a changed reaction of the cells of the central 
nervous system to alcohol due to habituation. 


The aim of this work with regard to habituation will be to prove 
that such a phenomenon really exists in man, to elucidate its 
characteristic pattern, and to analyse the relative importance of 
some of its features. For this purpose a series of experiments was 
performed on three groups of test subjects of varying degree of 
habituation: abstainers, moderate drinkers, and heavy drinkers. 
This last group consisted only to a small extent of alcohol addicts 
(p. 13), as the problem of addiction (see definition p. 95) lies 
outside the scope of this theme. 

The degree of habituation was already seen in the behaviour 
of the subjects. In this paper, which is intended to show the 
general trend of alcohol intoxication in relation to the degree of 
habituation, only average results with the functions tested will 
be presented. A closer analysis of climcal and psychological find- 
ings in the single individual will be reported in detail later. 


Experiments. 

Procedure and Technique. 

It was first intended to keep the same dosage of alcohol 
throughout all three groups, and use one gram per kg as a 
standard dose. It proved sufficient to create measurable 
disorders of all functions tested in the group of moderate 
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drinkers, and did not as a rule ennse serious disturbances, siicli as 
vomiting, collapse etc. ItAvns, however, generally Iw) inucli for the 
majority of the abstainers, who either refused or were not able 
to take as much as the whole dose on an empty stomach v/ifhout 
vomiting or even collapsing. The dose, of one gram per kg to a 
habitual drinker on the other hand often failed In produce any 
visible symptoms which could be ii.sed for rpiantitativc measure- 
ment, or they disappeared so rapidly as to return to normal 
before the blood alcohol had passed to its dccrea.sing phase, {. c. 
that part to be closer investigated, 'l.'he standard dose had con- 
sequently to be abandoned. 

The dose for the abstainers wa.s restricted toO,r.3 0.KO gram 

alcohol per kg, in one case one gram jmr kg wa.s administered. 
The moderate drinkers wore given 1.0 — l.'t- gram per kg. and 
the habitual drinkers generally received l.'J gram alcohol per kg, 
in .some cases n.s much ns l.."5ri g. The latter .showed no difficulties 
whatever in consuming that (juantity of alcohol, neither v.-a.s 
any vomiting or acute illness observed in this group. 

In jircliinimry e.xpcriments the blood ak'ohol curve was followed 
and a thorough clinical o.vumination repented at regular intervals. 
These blood alcohol curvc.s arc included in the average but not 
the results of the clinical examination. 

In the fituiJ soric.s 39 comj)lctc C-Vfioriment-s in all were carrie<| 
out on 10 abstainers, 17 moderate drinkens and 10 hcavv drinkers, 
in accordance with the procedure stated (p. 11). Thus all .six 
tests: flicker frequency, corneal .sensitivity, .standing stcadines.s, 
finger co-ordination, subtraction and the Bourdon test, were 
performed twice ])revious to the alcohol ingestion, and at least 
seven times after the taking of alcohol. On every one. of the 
subjects the results of the tests are fully comp.'irable with each 
other. Only average curves will be di.-^cu.sscd. In tho.-^e cases 
where several experiments were carried out on one and the .same 
individual, the mean of all experiments was used for the average 
curv'e, each subject being included once in the average. 


The Blood Alcoliol Curve. 

The general course of the blood alcohol curves in the three groups 
was the same: an absorption phase, tlie more or less marked 
absorption peak, a diffusion phase and the rectilinear, post- 
absorptive combustion phase. 
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The maximum seemed to appear somewhat sooner among the 
group of habitual drinkers than in the others. This tendency to a 
more rapid absorption with an earlier occurring maximum and a 
higher absorption peak was suggested by Bernhard and Gold- 
berg (1935), Fleming and Stotz (1935), and ScronDT (1937) 
in man, and Voltz and Dietrich (1915) and Faure and Loewe 
(1923), and Newman and Cutting (1936 a) in animals. It might be 
due to a higher incidence of gastritis and achlorhydria in alcoholic 
addicts (Villaret et al. 1936, Joffe and Jolliffe 1937). Experi- 
ments of Haneborg (1920) and Berggren and Goldberg (1940) 
on the absorption of alcohol from the stomach suggest absorption 
to be accelerated in the case of gastritis due to the increased 
vascularization. Achlorhydria, which implies a quicker emptying 
of the stomach, also increases the rate of absorption of alcohol, 
this being more quickly performed in the intestines. 

The values of are of the same magnitude for abstainers and 
moderate drinkers. In heavy drinkers a certain tendency to higher 
values was observed, the difference being significant (table 9). 
The difference is not great, about as much as the individual varia- 
tion, and of the same magnitude as that shown for alcoholic 
addicts with clinical signs of alcoholic disorders (Bernhard and 
Goldberg 1935). 

The slight difference may depend on the rapid absorption in 
this group as compared with the abstainers and moderate drinkers, 
and related to the dosage, which was larger. It may be that under 
such circumstances the absorption is not completed in 120 minutes, 
even if the curve has visibly passed over into the apparent recti- 
linear part. These circumstances would tend to elevate the value 
found for /3. Fleming and Stolts report similar findings (1935). 
Against this argument there is the fact that the values for the 
distribution factor r showed no differences between the groups. 
As r tends to be smaller with increasing /5, which is due to the 
manner in which it has been calculated (Nevmark and WiD- 
MARK 1936 b), an increase of due to inadequacies in calcula- 
tion, would imply a corresponding decrease in r. This favom’s the 
assumption that the increase in /5 found in heavy drinkers is not 
due to its being calculated before the completion of the distribution. 

Another explanation wiU be, that tends to a higher value with a, 
higher dosage, i. e. the blood alcohol curve is not rectilinear. 
Several facts discredit this (p. 23). 
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Thus it must be concluded that the fact of there seeming to be 
an apparent slight difference, in ^ between heavy drinkers and 
normal ones remains so far unexplained, and should be more 
thoroughly investigated. No difference in the distribution factor 
r was found in the three groups. The metabolic rate showed a 
sbght and significant increase (0.001 < P < 0.01), due to its 
being the product of /3 and r. 

A. Sensory Functions. 

1. Brightness for Fusion. 

The difference in basal values between the three groups (table 
10) was significant, and indicated that the heavy drinlrers showed 
a somewhat less ability to discriminate as their criterion for fusion 
lay at a somewhat higher intensity (intensity being the inverse 
value of log filter needed for fusion). Whether the different com- 
position of the groups with regard to education (p. 13) has a bear- 
ing on the slight difference, or whether the difference is due to the 
possible effect of alcohol addiction cannot be settled. The basal 
values were normally distributed. Within each group standard 
deviations and means were of the same order of magnitude. 



Pig. 21. Brightness for fnsion. 

Log intensity plotted against blood alcohol in abstainers, 
moderate drinkers and heavy drinkers. 

O Abstainers (mean of 8 experiments). 

• Moderate drinkers > > 16 » 

® Heavy » > > 8 > 

After alcohol ingestion the same principal findings were noted 
in the three groups: an increase of the brightness for fusion, 
accompanying the rising part of the blood alcohol curve, a 
maximum approximately coinciding with the time of the blood 
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alcohol maximum, and a dccroaHo of f he sympfoma with the de- 
creasing ])art. of (lie. alcohol curve. If the degree of disfcurhance due 
to alcohol be referred lo the prevailing blood alcohol curve a 
.straight rolationshij) during the decreasing phn.se was fotind for nil 
groups (fig. 21). However, a .striking difference c-an be noticed. 
'Hhc disapjiearanco thre.sliold.s for the symptoms occurred at dif- 
ferent blood alcohol levels, the lowest, being in ab.stainers, the 
bigliest in heavy drink(‘ng the differences in Tdood alcohol level 
were significant (table 11). 

Can these relative difference.s in the values for the di.sappearancc 
thre.sholds for the .sym])tom.s be explained by the different dosnge.s 
in the three groups of subjects? If this were the case one would 
expect a correlation between tbe disa])pearance f Ijresholds and the 
dosages (c„). But jjo .such correlation was found. Moreover, a 
lowering of the blood alcohol level in one and the same sub]ee-t 
as, for in.stance, by food, did not alter tbe relationshijJ between 
.symptoms atul blond alcoliol (see fig. 20), 

It might moreover be said lliat a different level of ba.sal 
values was the cause of the <lifference, but the following di.scredits 
thi.s. (a) The level of the. basal values was identical in the gronjj of 
abstainers and that of modenite drinker.-', neverthele.ss t he average 
thrc.sholds of the two groups differed, (b) A lower level would in- 
dicate an impaired function. This would mejin, according to that 
theory of habituation wliicb assumes compen.sntiori of “familiar’' 
functions, that the group of habituals would yield poorer re.sults, 
as they showed poorer basal value.s, wliicli would indicate their 
being less familiar with that special function tlum the other 
groups. In reality they were the Ica.sl intoxicated, so that there i.s 
no relationship between basal value and degree of intoxication to 
compare with the influence of habituation. 

A real difference exists therefore with regard to the rcxiction 
to alcohol between abstainers, moderate, drinkers and heavy 
drinkers, i. c. there is a real hahilnnilon to alcohol (see defini- 
tion p. 95). The mechanism of this Imbituation is not explained 
by any changes in alcohol absorption, ratio of di.stribution or rate 
of combustion but is localized to the central nervous .^vstem, the 
retina being a central nervous structure. 

The process consists in an increase of the threshold for the 
alcohol effect with increasing degree of habituation. 



QUAKTITATIVE STUDIES ON ALCQHOL TOLERANCE. 


107 


2. Sensitivity of the Cornea. 

The basal values of the three groups were only comparable for 
the ^February series — ■ 25 experiments in all. They showed no 
difference from each other (table 10). 

The changes after alcohol ingestion, when plotted against time, 
were principally the same in all groups: an increase of the pres- 
sure necessary to elicit the bUnking reflex by air stimulation, 
parallel to the blood alcohol curve. "V^Tien the log differences were 
plotted against blood alcohol, two characteristics were noted: 


7- foy 



O Abstainers (mean of 10 experiments). 

• Moderate drinkers » > 14 > 

O Heavy > » > 10 » 


1. The approximate linear relationship between the degree 
of symptoms, expressed as the logarithm of the pressure in mm 
Hg, and the blood alcohol concentration. This was found in all 
three groups (fig. 22). 

2. With regard to the threshold values, however, they differed 
significantly. The threshold was 0.20 ®/oo for the group of ab- 
stainers, 0.36 "/oo for the moderate drinkers, and 0.90 "/oo for 
the heavy drinkers, the differences being statistically significant 
(table 11). 

These experiments clearly show the process of habituation to be 
an increase of the disappearance threshold with an increasing degree 
of habituation. Whether there are any compensating mechanisms 
causing this rise in threshold or whether this is only due to a 
changed reaction of the nerve cells, i. e. an increased tolerance to 
alcohol, is difficult to establish; the evidence favours the latter 
assumption as far as this special function is concerned. 
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B. Kotor Functions. 

1. standing Steadiness. 

The same basal values were found for all three groups for the ordi- 
nary Eomberg position as well as for the modified (table 10). The 
standard deviations of all groups also were of the same magnitude, 
indicating these groups to be homogeneous with regard to variabihtj. 

Alcohol ingestion induced the same changes as those already 
described in the normal material: an increase in the area of sway 
with rising blood alcohol, the maximum of effect coinciding ap- 
proximately with the height of the blood alcohol, a decrease parallel 
to the falling part of the blood alcohol and a return to normal 
before the alcohol. 



3 Heavy » > > 10 > 

Referring the logarithmic difference (p. 16) to blood alcohol 
gave approximately straight hues (fig. 23, 24). The disappearance 
threshold was lower for the abstainers and higher for the heavy 
drinkers than it was for the moderate ones. The slopes of these 
regression lines, too, indicated a difference between the three 
groups, the abstainers being somewhat more quickly intoxicated 
with rising blood alcohol than the heavy drinkers (table 11). 

These results agree with those found in animals by Newman 
et al (1936 a, b, 1937 a, b. 1938); they reported that after habi- 
tuation the impairment in neuro-muscular in-coordination, as 
judged from a staggering gait, inability to go upstairs, etc., was 
less than in normal animals. A psychic compensation as part of 
the mechanism of habituation could not be excluded. 
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Fig. 24. Standing staadinrsit (mod. Kombfrg position). 
O Abstainers (mean of 10 experiments). 

• Hodcralc drinkers > > 17 » 

3 Heavy > > » 10 > 


2. Fingor-Fingor Tost. 

The mean basal values of the three groups are given in table 10. 
The slight differences between the groups arc not significant but 
may suggest a tendency to greater skill in the group of heavy 
drinkers, which is composed of workmen (p. 13). The changes 
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Fig. 25. Finger-finger lest. 

G AbstJiiners (mean of 10 experiments). 

• Moderate drinkers > >17 > 

O Heavy > > > 10 > 
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after alcohol ingestion were principally the same when plotted 
against time. But when plotted against blood alcohol (fig. 25), they 
differed from each other: the disappearance thresholds (table 11) 
were lower for the abstainers as compared with moderates and 
higher for the heavy drinkers. 

C. Psycliological Functions. 

1. Subtraction Test. 

The mean basal values of the three groups were 0.40, 0.46 and 
0.54 min, the differences not being significant (table 10). It might 
be assumed that this test is largely influenced by mathematical 
ability and education. In such a case the group of heavy drinkers 
would show a decidedly poorer performance than the one really 
observed. The fact that the mean values do not differ significantly 
from each other wiU instead be explained by other psychological 



Fig. 26. Snbtraction test. 

O Abstainers (mean of 10 experiments). 

• Moderate drinkers > > 17 > 

3 Heavy > > » 10 > 

factors playing a relatively higher role than education, i. e. 

primarily the amount of psychic inhibition. The inhibiting proces- 
ses tend to prolong the total time. 

Alcohol ingestion tends to impair the performance of the test 
in all groups. Keferring the degree of disturbance to blood alcohol 
(fig. 26) gave the same principal findings as with other tests: a 
rectilinear relationship and a different threshold value. The 
difference is smaller than with the other tests. This is partly due 
to a greater ability of the moderate group to compensate for the 
effect of alcohol (table 11). 

2. Bourdon Test. 

The basal values for the three groups are seen in table 10, 
the difference between abstainers and moderate drinkers on 



Tnblo 11. 

Tcsf.s aflor Alcohol Ingestion in 10 Abslainors, 17 Moderate Drinkers and 10 Jleavij Drinkers. 
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the one hand, and heavy drinkers on the other being significant. 
This may be due to the different educational standard of the 
three groups (p. 13). The lower mean of the heavy drinkers might 
be an expression for their lower standard of education if there 



Fig. 27. Bonrdon test (number of letters correctly marked). 

0 Abstainers (mean of 10 experiments). 

• Moderate drinkers > > 17 > 

(J Hea\'y > > > 10 > 

would be a positive correlation between the Bourdon test and 
education. 

Alcohol ingestion induced the changes already described in 
normal individuals: a poorer performance vdth the rising part of 
the blood alcohol, a maximum of disturbance occurring earlier 
than the blood alcohol ma.ximum, a more or less horizontal part 
for one hour or two and a decreasing part parallel to that of the 
blood alcohol and reaching the basal value before the alcohol 
returned to normal. Eeferring the decreasing part of the symptoms 
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Fig. 28. Bourdon test (total number of letters marked). 

O Abstainers (mean of 10 experiments). 

• Moderate drinkers > > 17 > 

3 Heavy > > > 10 » 

to the blood alcohol during its post-absorptive period gave an 
approximate straight relationship for all three groups. The 
threshold values (figs. 27, 28 and table 11) differed significantly 
from each other. No difference was seen in the slopes. 
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An objection ugninst the interpretation of the ref?ultfi found 
might he tlint tlio inotliocl of evalufttiorv might exaggerate the 
divergence found to tlie advantage of the lioavy drinkers. The 
fact is, liowcver, tliat tlie ])lotfing of logarithmic difference.^ 
against blood alcohol rather diminishes tlian exaggerates thi.s 
divergence. The logarithmic difference, wliich corresponds to the 
percentage increase, is larger with small ba.sal valuc.s, as i.s the 
ease in tlie heavy drinkens, and tends to give a higher curve, 
when plotted ngain.st time. When plotted again.st blood alcohol 
it tends to give a steeper slope. In .spite of thi.s n divergence was 
clearly seen. The experiments .suggest u higher disappearance 
thrc-shold even in a function, where normally the Imhitunls give 
poorer results, as indicated by their lower average bn.'^al value. 

One thcor}' of habituation ns.sumcs that phenomenon to he due to 
a psychological compensation in the habituated individual to the 
influence of alcohol, primarily in functions fnmil’ar to him. Xhc.sc 
experiments clearly indicate that if .such a compensating mechan- 
ism exists it is ns well to be seen in function.s not familiar to 
the habituated individual, ns the ba.snl values were different 
in the three group.s tested. 



Conclusions. 


The findings common to all functions tested on abstainers, mod- 
erate drinkers and heavy drinkers, v'ere; 

The general course of intoxication was the same in all groups, 
when plotted against time, and the average curves, given for a 
normal material could as well serve to illustrate the course in 
the other groups, too. 

deferring the logarithmic differences (p, 16) to blood alcohol 
during the decreasing part gave another pattern. The curves of 
all groups (figs. 21 — 28) were approximately rectilinear, con- 
firming the principal findings in the normal material. But they 
differed from one another with respect to two features (table 11): 
the disappearance thresholds differed significantly (P <0.001), 
and for the corneal, ordinary Eomberg, modified Eomberg and 
finger-finger test the slope of the curves differed significantly, 
too (P < 0.001). The disappearance thresholds were illustrated 
in fig. 29. A number of conclusions can be drawn from the 
results presented. 

The general trend of all the functions tested was that the 
disappearance thresholds varied parallel to the degree of habitua- 
tion. The difference between the individual thresholds in the three 
groups was largest for the sensory functions, considerable for 
motor functions, and least for the subtraction test. These find- 
ings were not correlated with changes in the basal values (table 
10), as the heavy drinkers showed a somewhat lower basal value 
for flicker and Bourdon test and an insignificant tendency to 
lower values of the finger-finger test. 

Por the abstainers and the moderate drinkers the thresholds 
were lower for sensory and higher for psychological functions 
as compared vdth motor functions. In the heavy drinkers no 
changes of that kind were seen; the thresholds were rather 
uniform with a tendency to lower values for motor functions. 
It is tentative to interpret these findings in the following manner. 
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I’ipr. 29. The induence of haliitn:ition on the fierreas'!; thrcjhohl. 

□ Ah?tainer«. 

iloih'T.afe drinhers*- 
t3 Heavy drinfcorn. 

Hjibituation primarily involved a sliift of ilit' »lipappcaranrc 
thrc.sholds to higliur values, winch was prov<'d by the consistent 
cliange in all of them. 

The average dipappear.'ince thrc-sliolds for all the function:? 
te.sted were within the group of nl).staincr.s "/p,. witliin the 
mocleratc-s 0.(51 "/oo and within the heavy <lrinl:ers O.SO "/n, (mean 
of cols. 1, 2, 6, rc.sp., of table 11). 

As to the pre-scnce of a possible compensation, such a mechanism 
is not altogether excluded. A compensation in normal individuals 
was suggested under certain conditions. .\xx)I5K.sk.v (19:18} and 
others a.ssume habituation to involve a compensation of “famili- 
ar” functions. This would imply moderate drinkers to compen- 
sate symptoms to a higher degree than abstainers and c. r/. account 
for the large difference in disappearance thresholds between ab- 
stainers and moderates in the ordinary RoMnEr.c: and the .sub- 
traction test (fig. 29). It would at the same lime e.xplain the sliglit 
difference between the moderate and the heavy drinkers with 
regard to the subtraction te.st, such an operation not being “famili- 
ar” to the heavy drinkers. — On the other hand the theory of 
compensation does not explain the large difference between mod- 
erates and heavy drinkers with regard to other functions, c. g. 
the corneal test, where no differences were found in basal values, 
or in the flicker test, where the heavy drinkers even had lower 
basal v'alues than the other groups. Thus the change in thresliold 
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seems to account for the greatest part of the difference in degree 
of intoxication between abstainers, moderates and heavy drinkers. 

With regard to the slopes of the curves in figs. 21 — ^28, their 
general trend suggested a lowered slope in heavy drinkers. If this 
assumption holds good, it would suggest a slower rate of action 
of alcohol on the central nervous system in this group. 

To illustrate the differing degree of intoxication of the three 
groups at a given blood alcohol concentration, fig. 30 is given. 

^ /&7 



orcf. mocf. Quo/i/y Qua/ifffy 

fus/on Cornea/ Sfonc/inq finger Suf/rcc/mn Sourcfvj 

ffvgaency 5enj///yi/y S/ead/nesi /TnyerTesf /es/ Tejf 

Fig. 30. The degree of intoxination in abstainers, moderate drinkers and heavy 
drinkers at a blood alcohol concentration of 1 “/oo. 

O Abstainers. 

^ Moderate drinkers. 

■ Heavy drinkers. 

The degree of disturbance at a blood alcohol concentration of 
1 ®/oo was calculated from the regression lines in figs. 21 — ^28, 
The enormous differences between the groups as compared with 
the shift in thresholds already stated is due to two factors: 
the logarithmic relationship between degree of intoxication and 
blood alcohol, and the slight tendency to lower slopes for the 
curves of the heavy drinkers as compared with the others. 

It can thus be concluded that there really exists a habituation 
to ethyl alcohol pharmacologically, implying a changed reaction to 
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tlic prolonged use of alcoliol, l)al)ituiitcd individuals 1)eing less, 
and not habituated individuals being more influenced by the 
same dose. 

About the nature of habituation it is no'.v ascerlnined that 
changes in the rate of absorption, in the distribution ratio or 
in the rate of disappearance of alcohol from the blood cnnnol 
explain the difference. 

The relationship hetveen degree of intoxication and Idood al- 
cohol was changed, primarily causing a .shift in the disappearance 
thresholds to higher values, parallel to the degree of habituation 
in man. The changes in the slopes of the rcgres.sion line.s represent- 
ing the approximate rectilinear relationship between log symp- 
toms and blood alcohol, were not consistent, but .suggested a 
tendency to a less steep slop witli increasing degree of habitua- 
tion. 


Tolerance ntul Jtesistancc. 

Evidence is now gathering that a varying tolerance to alcohol 
exists. It was shown that there existed a relationship between the 
logarithm of a symptom and blood alcohol in a single individual, 
and likewise in Jiomogcnous groups of indi%idua]s with respect 
to alcohol habits. Tlie tlisap))enrance thresholds were graphically 
computed (table 12), and showed within all groups departures 
from each other, larger than the experimental error. Tliis means 
that a varying tolerance to alcohol exists within groups of indi- 
Auduals with similar alcohol habits, due to random variation (p. 84). 

The differences between the groups arc due to habituation, ns 
they are of the same order of magnitude as those; computed from 
average curves (table 11). 

Changes in the blood alcohol level, due to changes in the course 
of alcohol in the body thus imply changes in the degree of in- 
toxication. The principal factor governing the degree of intoxication 
or alcohol tolerance is the height of the blood alcobol level. A 
slow absorption of alcohol wdth a subsequent lowering of blood 
alcohol, or a depression of the whole curve due to the taking of 
alcohol with a meal, has a great influence on the degree of in- 
toxication, and a rapid absorption with a high blood alcohol 
maximum causes an increased degree of intoxication. 

The changes in degree of symptoms exceeded the relative 
alterations in blood alcohol, due to the logarithmic relationship 
between intoxication and blood alcobol. These changes were 
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furthermore not of the same order of magnitude for different func- 
tions, the motor functions being most influenced. 

On an average an increase of the blood alcoiiol concentration of 
1 o/oo over the threshold value of a function caused a percentage 
increase of intoxication, the normal being 100 %, of 238 % for 
the sensory functions, G,890 % for the motor functions, and 232 
% for the psychological functions te.«tcd. 

After elimination of variations in alcolioi tolerance due to the 
changes in blood alcohol level of an individual, by referring the 
degree of intoxication to blood alcohol, there still remained a 
varnng tolerance within a IiomogowvH group of individuals, proved 
by e. g. the varjdng disappearance thresholds of different indivi- 
duals (table ]2). This is most probably due to the same random 
variations which cause varprig tolerance in general; the hormonal 
state of the individual (GoimnKP.f: and STbUTKiJKCKKP 1913), etc. 
Betweei.. groups of individuals, differing from one another as to 
their degree of habituation, differences in tolerance were found 
too. As variations in the blood alcohol level were ruled out by 
the correlation of the sv-mptoins with blood alcohol, the variation 
between groups with different alcohol linbits i.s due to rcsidancc 
(p. 8). 

At least one of the factor.s causing vurpng Tcsi.«tance could be 
isolated, viz. the degree of habituation, and the presence of an- 
other was strongly suggested, viz. the ability of the organism to 
compensate ps}'chically the influence of alcohol; some facts could 
be interpreted in the direction of this ability being increased by 
habituation, 

The significance of the factors which constitute personality 
{Fleming 1935), which possibly exerts itself in the varjung degree 
of psychic compensation, were not elucidated in this paper which 
dealt primarily ^vith alcohol tolerance in its pharmacological 
implication. 



Sumiiiary. 

The course of ethyl alcohol intoxication in man was followed 
in sixty-one experiments on forty- nine subjects: eleven abstainers, 
twenty-four moderate and fourteen heavy drinkers, by means of 
test methods on sensory, motor and psychological functions. 

I. The course of alcohol mtoxic.ation. The experiments were ar- 
ranged so that the tests, six in all, were performed on every one 
of the subjects: twice before the ingestion of alcohol to procure 
a basal value, and then seven times after ingestion to follow 
the course of intoxication. The alcohol was given in a 40 % solu- 
tion, 0.63 to 1.42 g alcohol per kg. Blood alcohol samples — 
double or triple determinations — were taken nine times, and 
the symptoms referred to blood alcohol. 

a. Sensory functions. In order to study changes in sensory 
fimctions the flicher test (Grakit and Harper 1930) was used 
to determine the log brightness for fusion of the eye to inter- 
mittent light at a constant flicker frequency, and in some experi- 
ments too the critical fusion frequency of the eye at constant 
brightness. 

To determine the sensitivity of the cornea a new test was worked 
out, using a puff of air blown against the cornea as stimulus, and 
the blinking reflex: as criterion of the effect, expressed in mm Hg 
pressure of the air necessary to ebcit the blinldng. 

b. Motor functions. Two quantitative tests were worked out 
for this purpose: one on standing steadmess, where the area of 
sway of an individual, while standing for 15 seconds, first in an 
ordinarv Romberg position and then in a modified, was photo- 
graphed and measured planimetrically, and as a second, a quan- 
titative finger-finger test, where the area covered by fifty dottings 
was likewise determined planimetrically. 

c. Psychological functions. Finally a subtraction test, where the 
total time for a series of subtractions was determined, and a 
Bourdon test with marking of three given letters as many times 
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as they appeared in a tcxi in four minutes, avere employed for 
testing psycliological functions. 

The variability of the test methods was ascertained on thirty- 
nine indi^dduals under different conditions; the influence of 
practice and fatigue was determined on twelve suhjects in control 
experiments without alcohol lasting from six to seven hours. 

The degree of intoxication after alcohol ingestion in an indivi- 
dual was found to vary with the blood alcohol concentration. The 
rclalionshif between symptoms and blood alcohol was determined 
by plotting log symptoms against the concentration of alcohol in 
the blood during the increasing and decreasing phase of the symp- 
toms, and was shown to be approximately rectilinear. 

The appearance of the .symptoms of intoxication began at a 
blood alcohol level, termed the appearance, thmholfl, which was 
found within normal material to vary between 0.31 and O.C5®/o„ 
on an average for the different functions tested. The disappearance 
threshold, defined as the blood alcohol level, at which the symp- 
tonas of intoxication disappeared, was under the same conditions 
found to vary between 0.3G and 0.7.5 "/on. The appearance thrc-shokl 
was lower than the disappearance one for the modified Kombep.O, 
the finger-finger and the ps^'chological tests; for the other teste 
the thresholds had identical values. 

The degree of intoxication was observed to be higher for the 
first-mentioned symptoms at a given blood alcohol concentration 
during the rising part of the alcohol curve than during the falling. 
This was proved to bo due primarily to the difference in threshold 
values, and its connection noth compensation of symptoms was 
suggested. 

By graphical computation of the disappearance thresholds for 
one and the same function within a homogeneous group of indi- 
viduals, the thresholds were .shown to be distributed at random, 
suggesting a varying tolerance to alcohol. 

II. The influence of food. The intake of food with the alcohol 
decreased the suhseciuent blood alcohol level and lowered the 
degree of intoxication in all functions tested, if expressed in 
logarithmic units, proportionately to the depression of the alcohol 
level. The disappearance thresholds were proved to be of ap- 
proximately the same magnitude, whether alcohol was taken on 
an empty stomach or with a meal. This indicates that the lowering 
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effect tliat food lias on alcohol intoxication is due to its de- 
pression of the blood alcohol curve. 

III. The influence of habituation. The influence of habituation 
on the degree of intoxication -was studied by applying the tech- 
nique described on groups of abstainers, moderate and heavy 
drinkers. 

A different reaction on the ingestion of alcohol was proved to 
exist between the three groups for all functions tested; the ab- 
stainers being 'the most intoxicated and the heavy drinkers the 
least influenced by a given dose. This imphes a real habituation 
to alcohol to exist in the pharmacological sense, and some 
characteristics were elucidated. 

The blood alcohol curves of the three groups differed somewhat, 
suggesting a more rapid absorption of alcohol among the heavy 
drinkers and a slight difference in the rate of disappearance of 
alcohol from the blood. These differences could not explain the 
divergence in alcohol tolerance between the groups. 

'\^^len referring the log symptoms to the blood alcohol concen- 
tration, an approximately straight relationship was observed for all 
groups^ The relation curves differed significantly in one respect: 
the disappearance thresholds were lower for the abstaiuers and 
higher for the heavy drinkers, as compared vdth the group of 
moderates: the average of all functions tested was 0.33 ®/oo 'within 
the group of abstainers, 0.61 ®/oo within the moderates and 
0;86‘’/oo within the heavy drinkers, the differences being statistic- 
ally significant. 

On account of the experimental evidence presented, habituation 
to alcohol in man was interpreted as an increased tolerance, i. e. 
a lowered degree of intoxication, and was due to an increase in 
the blood alcohol threshold for the symptoms, localized to the 
central nervous system and parallel to the degree of habituation. 
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